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PREFACE 


This  progress  report  covers  the  first  8 months  of  our  Department  of 
Energy  (DOE)  project.  It  was  prepared  prior  to  requesting  second-year 
continuation  funding  of  $100,000.  The  projects  supported  under  the  DOE 
funding  are  part  of  a larger  coordinated  effort  which  is  being  supported 
by  the  FHWA  and  CRREL  with  in-kind  support  of  the  Alaska  Department  of 
Highways.  In  addition,  the  Army  Research  Office  (AR0)  is  funding  two 
separate  grants  for  complementary  studies  along  the  Haul  Road  which  are 
cooperating  with  CRREL  research.  The  results  of  a complementary  study  of 
tundra  response  to  past  petroleum  exploration  in  the  National  Petroleum 
Reserve  - Alaska  (NPRA)  is  also  coordinated  with  these  investigations. 

In  July  1977,  a first  annual  report  to  FHWA  was  prepared  and  dis- 
tributed to  those  currently  receiving  this  report.  Follow-up  quarterly 
reports  have  also  been  distributed.  Therefore,  we  will  not  present  the 
information  contained  in  those  reports,  particularly  since  much  of  that 
material  pertains  to  the  environmental  engineering  studies.  However,  it 
is  our  intention  both  at  the  conclusion  of  the  three-year  FHWA  program 
and  the  DOE  studies  to  prepare  final  reports  which  integrate  all  aspects 
of  these  joint  investigations. 


The  following  summarizes  the  distribution  of  DOE  and  other  funds 
which  have  been  obligated  for  these  ecological  baseline  studies. 


DOE  project 

DOE  (ERDA) 

Other* 

Project  1 

Weeds  and  weedy  vegetation,  San  Diego 

$ 5,000 

$10,000 

State  University 

Project  2 

Vegetation  mapping  and  response,  Uni- 

20,000 

29,000 

versity  of  Colorado 

Project  3 

Botanical  reconnaissance,  University 

5,000 

5,000 

of  Alaska 

Project  h 

Soil  invertebrates.  University  of 

12,500 

12,000 

Alaska 

Project  5 

Distribution  and  properties  of  dust 

Ohio  State  University 

20,000 

— 

Dartmouth 

— 

3,000 

CRREL 

21,000 

— 

Logistics 

north  of  Yukon  River  and  administrative 

16,500 

7,500 

costs 

TOTAL 

$100,000 

$66,500 

* 

i 

* 

* 


*C5ther  funding  includes  FHWA  Haul  Road,  USGS-NPRA  and  CRREL  projects. 
The  CRREL  project  is  funded  under  Cold  Regions  Environmental  Factors 
(DA  Project  UA161102AT2L , Task  A2,  Work  Unit  002). 
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Although  several  of  these  projects  were  initiated  in  1976  using  FHWA  and 
CRREL  funds,  the  intention  is  to  support  the  follow-up  work  largely  with 
DOE  and  CRREL  funding. 

The  projects  and  investigators  involved  in  the  DOE/CRREL-sponsored 
investigations  are  participating  in  the  US-USSR  Agreement  on  Cooperation 
in  the  Field  of  Environmental  Protection  under  Project  02.05-21,  "Protec- 
tion of  Northern  Ecosystems."  One  of  these  subprojects,  "Biological 
indicators  of  environmental  change  caused  by  natural  and  anthropogenic 
impacts,"  is  directly  related  to  much  of  the  research  reported  in  the 
following  pages. 

A set  of  maps  containing  locations  of  all  CRREL  research  sites  and 
some  cooperative  projects  is  contained  in  the  appendix. 

The  cooperation  of  the  Alyeska  Pipeline  Service  Company  in  allowing 
access  to  the  road  and  study  sites  and  use  of  its  camps  and  other  support 
facilities  as  available  on  a reimbursable  basis  is  appreciated.  These 
investigations  are  conducted  in  conjunction  with  the  CRP.EL  Alaska  Pipe- 
line Program. 

Appreciation  is  expressed  to  Stephen  Bowen  and  Donna  Murphy,  CRREL, 
for  assistance  in  editing  and  compiling  this  report.  This  report  does 
not  constitute  an  open-literature  reference.  The  reader  is  urged  to 
obtain  the  author's  approval  prior  to  citing  results  in  the  open  literature. 


JERRY  BROWN 

Research  Soil  Scientist 
CRREL 


IV 


CONTENTS 


Page 

Preface iii 

The  road  and  its  environment 1 

Project  1.  Investigations  of  weeds  and  weedy  vegetation  along 
the  Yukon  River-Prudhoe  Bay  Haul  Road  ( A.W . Johnson  and 

S.A.  Kubanis) 5 

Summary  5 

Background 5 

Objectives 7 

Methods  7 

Discussion 12 

Future  plans 2h 

Literature  cited 2h 

Project  2.  Vegetation  mapping  and  response  to  disturbance 
along  the  Yukon  River-Prudhoe  Bay  Haul  Road  (P.J.  Webber , 

V.  Komdrkovd,  D.A.  Walker  and  E.  Werbe) 25 

Summary 25 

Subproject  1 25 

Objective 25 

Progress 26 

Immediate  activities  26 

Subproject  2 26 

Objective 26 

Progress ^0 

Subproject  3 **0 

Objective ^0 

Progress  U0 

Explanation  of  map  codes Uo 

Description  of  the  vegetation  at  the  Ray  River  site.  LL 

Description  of  the  vegetation  at  the  Finger  Mountain 

site ^8 

Description  of  the  vegetation  at  tne  Sukakpak  Moun- 
tain site 52 

Descrintion  of  the  vegetation  at  the  Toolik  upland 

ro«v  effects  study  site 56 

Description  of  the  vegetation  at  the  Franklin  Bluffs 

oil  spill  site 62 

Description  of  the  Prudhoe  Bay  coastal  site.  ....  63 

Immediate  future  objectives 66 

Subproject  L 66 

Subproject  LA 66 

Objective 66 

Progress 67 

Subproject  LB 67 

Objective 67 

Progress 67 

Subproject  5 67 

Objective 67 

Progress 67 


v 


▼ 


Page 

Subproject  6 6 9 

Objective 6 9 

Progress 69 

The  study  area 71 

Methods 71 

Site  uniformity 73 

Effects  of  the  Haul  Road  on  primary  production  ...  80 

Summary  and  conclusions 83 

Literature  cited  85 

Project  3.  Botanical  reconnaissance  of  the  Yukon  River-Prudhoe 

Bay  Haul  Road,  1977  (D.F.  Murray  and  B.M.  Murray ) 88 

Project  h.  Soil  invertebrates  as  indicators  of  environmental 
integrity  along  the  Yukon  River-Prudhoe  Bay  transportation 

corridor  ( S.F . MacLean , Jr.  and  R.H.  Thomas)  92 

Introduction 92 

Results 93 

Discussion 96 

Literature  cited 97 

Project  5.  Distribution  and  properties  of  road  dust  and  its 
potential  impact  on  tundra  along  the  northern  portion  of  the 

Yukon  River-Prudhoe  Bay  Haul  Road 98 

Dust  collection  and  distribution  ( K.R . Everett ) 98 

Analyses  and  results 101 

Conclusions 103 

Clay  mineralogy  [R.C.  Reynolds  and  H.G.  van  Oss) 105 

Laboratory  analysis 105 

Results 107 

Interpretations  and  conclusions 109 

Chemical  composition  of  iust  and  vegetation 

(I.K.  Iskandar , S.  Quarry  and  J.  Brown) 110 

Appendix  1:  Provisional  CRREL  maps  and  legend  of  Yukon  River 

to  Prudhoe  Bay  Haul  Road 113 

Appendix  2:  Distribution  for  CRREL-FHWA  and  DOE  Haul  Road 

Reports 127 


vi 


THE  ROAD  AND  ITS  ENVIRONMENT* 

Construction  of  the  Trans-Alaska  oil  pipeline  necessitated  construc- 
tion of  an  adjacent  road  over  more  than  one-half  of  its  length  for  access 
to  workpads  and  for  logistics.  The  road  was  constructed  to  Alaska  second- 
ary highway  standards  in  two  sections.  The  first  section,  approximately 
90  km  in  length,  was  constructed  between  August  1969  and  July  1970  and 
ran  from  Livengood  to  the  Yukon  River.  It  is  referred  to  as  the  TAPS 
Road  and  the  Alaska  Department  of  Highways  has  now  designated  it  the 
Yukon  Highway.  The  577-km-long  "Haul  Road"  between  the  Yukon  River  and 
Prudhoe  Bay  was  built  during  the  period  29  April  to  29  September  197 ^ - 
Included  in  it  are  20  permanent  bridges,  over  1000  culverts  and  135 
material  sites.  The  road  is  unique  in  that  it  is  closely  associated  with 
the  1.2-m-diameter  hot  oil  pipeline  and  0.2-  to  0.25-m  gas-feeder  line. 
There  are  15  oil  line  crossings  of  the  road  of  which  9 are  for  the  buried 
oil  line  and  6 are  for  the  aboveground  pipe.  The  road  right-of-way 
incorporates  the  buried  oil  pipeline  for  about  19  Em  and  the  aboveground 
pipeline  for  about  25  km.  The  gas- feeder  line,  which  will  carry  gas  at 
below  freezing  temperatures  from  Prudhoe  Bay  to  Pump  Stations  2,  3 and  4 
north  of  the  Brooks  Range,  crosses  the  road  seven  times  and  is  buried 
within  5 m of  the  toe  of  the  road  for  about  180  km  of  its  229-km  length. 

The  road  traverses  three  main  physiographic  provinces  in  Alaska 
(Fig.  l).  Proceeding  northward  from  near  Livengood,  the  road  crosses  a 
series  of  valleys  and  rounded  ridges  between  600  and  1200  m in  elevation. 
It  then  enters  the  glaciated  Brooks  Range  along  the  terraces  and  flood 
plains  of  the  Koyukuk  and  Dietrich  Rivers.  The  road  crosses  the  Contin- 
ental Divide  at  Atigun  Pass  at  lUl+7  m elevation  and  gradually  descends 
through  the  Brooks  Range  and  northern  foothills  onto  the  flat  outer 
coastal  plain.  Figure  2 presents  a summary  of  the  major  terrain  types 
traversed  by  the  Haul  Road.  The  route  crosses  both  the  discontinuous 
permafrost  zone  in  the  southern  portion  and  the  colder  continuous  perma- 
frost zone  to  the  north.  Many  of  the  upland  and  valley  slopes  south  and 
north  of  the  Continental  Divide  contain  massive  ice  bodies. 

The  road  traverses  two  major  climatic  regions  broadly  defined  as  the 
arctic  climate  of  the  North  Slope  and  the  continental  climate  of  the 
interior.  The  Brooks  Range  is  the  transition  zone  between  the  two  types. 

The  road  passes  through  approximately  600  km  of  forest  and  tundra 
vegetation  before  it  reaches  Prudhoe  Bay.  Apart  from  concentrated 
studies  around  Prudhoe  Bay,  most  of  this  area  had  previously  received 
little  more  than  superficial  botanical  exploration. 

From  the  Yukon  River  to  the  southern  foothills  of  the  Brooks  Range 
the  vegetation  consists  of  mixed  deciduous-coniferous  forests  composed  of 
Piaea  mariana  (black  spruce),  P.  glauaa  (white  spruce),  Betula  papyrifera 


•Extracted  from  Environmental  engineering  investigations  along  the  Yukon 
River-Prudhoe  Bay  Haul  Road , by  J.  Brown  and  R.  Berg.  FHWA  Annual  Pro- 
gress Report,  CRREL,  Hanover,  N.H.,  July  1977* 


PIPELINE  CAMPS  and  PUMP  STATIONS 
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PHYSIOGRAPHIC  PROVINCES 
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Figure  1.  Haul  Road  and  pipeline  route  and  physiographic  units  traversed. 
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A.  Bedrock  D.  Wind-Blown  Deposits 

B.  Gravity -Transported  Deposits 
V Rapid,  dry  transport  (avalanche,  talus) 

2.  Rapid,  wet  transport  (mudflow,  alluvial  fan,  granular  alluvial  fan) 

3.  Slow,  viscous  transport  (solifluction) 

4 Slow,  wet  transport  (colluvium) 

C Water-Borne  Deposits 

1.  Active  streams  and  rivers  •<  1 km 

2.  Inactive  streams  and  rivers 


t.  Glacial  Deposits 

F.  Lake-Bed  Deposits  and  Organics 

1.  Lacustrine  silts  and  organics 

2.  Thaw  lake  materials 


Figure  2.  Major  terrain  types  encountered  by  the  Haul  Road.  Hum- 
berts in  parentheses  correspond  to  the  physiographic  units  in  Fig- 
ure 1.  (Terrain  classification  modified  from  Kreig , R.A.  and  R.D. 
Reger  (1970  Preconstruction  terrain  evaluation  for  the  trans- 
Alashja  pipeline  project.  In  Geomorphology  and  Engineering  (D.R. 
Coates,  Ed.).  Stroudsburg,  Pa.:  Dowden,  Hutchinson  and  Ross, 
Inc.,  p.  65-7C.) 


(paper  birch),  Populus  tremuloides  (aspen),  and  P.  balsamifera  (balsam 
poplar).  In  the  southern  part  of  this  area,  Larix  laricina  (tamarack)  is 
an  occasional  component  on  wetter  sites  in  the  forest.  Nowhere  north  of 
the  Yukon  River,  however,  is  it  especially  abundant  along  the  Haul  Road. 

By  far  the  largest  forest  type  in  terms  of  area  covered  is  a low 
forest  dominated  by  black  spruce.  This  rather  depauperate  vegetation 
type  occurs  on  most  level  and  gently  rolling  surfaces  below  700  m north 
to  the  point  where  it  drops  out  of  the  vegetation.  White  spruce,  which 
replaces  black  spruce  on  all  sites  somewhat  north  of  Wiseman,  tends  to 
occupy  steeper  slopes  and  well-drained  ridges  where  the  two  species  occur 
together,  and  it  is  the  major  coniferous  species  growing  on  river  ter- 
races throughout  the  area.  Depending  on  fire  history,  aspen  and  paper 
birch  are  mixed  with  spruce  in  all  conceivable  proportions  up  to  pure  or 
mixed  stands  of  both  of  these  deciduous  successional  species.  Balsam 
poplar  is  found  almost  exclusively  on  river  terraces  where  it  usually 
forms  mixtures  with  white  spruce. 

On  a moisture  gradient  from  wet  to  dry  in  the  forested  portions  of 
this  area  black  spruce  lies  at  the  wet  end  followed  by  paper  birch,  aspen 
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and  white  spruce.  Balsam  poplar's  restriction  to  terraces  complicates 
its  position  on  the  gradient,  but  in  terms  of  soil  drainage  it  lies  close 
to  white  spruce  on  the  drier  end  of  the  gradient. 

Above  an  elevation  of  about  TOO  m,  forest  vegetation  gives  way  to 
shrubby  tundra,  consisting  primarily  of  Alnue  arispa  (alder)  and  Betula 
glandulosa  (dwarf  birch),  which  is  in  turn  replaced  by  a mixed  herbace- 
ous-dwarf shrub  tundra  vegetation  at  higher  altitudes.  The  composition 
of  the  tundra  vegetation  on  these  low  interior  mountains  depends  to  a 
considerable  extent  on  substrate,  the  acidic  rocks  along  much  of  the  road 
supporting  an  impoverished  flora  lacking  many  species  characteristic  of 
the  Brooks  Range.  Limestone  mountains  such  as  Wiehl  and  Sukakpak  Moun- 
tains are  much  richer  in  species  than  most  of  the  mountains  along  the 
Haul  Road  south  of  the  Brooks  Range,  but  still  lack  many  typically  arctic 
and  alpine  tundra  species. 

Brooks  Range  vegetation  is  tundra,  the  complexity  of  which  depends 
particularly  on  substrate  and  soil  moisture  and  to  a lesser  extent  on 
exposure  and  slope.  Distinctive  assemblages  of  species  can  be  found  on 
ridges.  As  one  leaves  the  complications  of  the  upland  areas  of  the 
Brooks  Range,  the  tundra  vegetation  of  the  Arctic  Slope  is  subdivided 
into  a foothills  sedge  tussock  type  and  a coastal  plain  sedge  meadow 
type.  Riparian  situations,  late-lying  snow-beds,  rock  outcrops  and  ponds 
add  diversity  to  what  is  otherwise  a monotonous  vegetation. 


PROJECT  1.  INVESTIGATIONS  OF  WEEDS  AND  WEEDY  VEGETATION 
ALONG  THE  YUKON  RIVER-PRUDHOE  BAY  HAUL  ROAD 


Albert  W.  Johnson  and  Susan  A.  Kubanis 
San  Diego  State  University 


Summary 

With  the  introduction  of  weeds  and  the  creation  of  an  avenue  of 
migration  for  these  weeds  extending  from  the  Yukon  River  to  Prudhoe  Bay, 
a unique  opportunity  to  study  many  important  questions  dealing  with 
weeds,  succession,  and  genetic  adaptations  was  created.  This  opportunity 
is  of  particular  importance  because  it  permits  investigation  of  these 
problems  as  they  relate  to  the  Arctic. 

During  July  1976,  initial  observations  were  made  along  the  Haul  Road 
by  A.W.  Johnson.  The  occurrence,  abundance,  and  development  of  weed 
species  along  the  road  were  documented.  Dense  colonies  of  Chenopodium 
album,  Corydali8  sempervirens , and  Senecio  aongestus  were  observed. 

Other  species  were  scattered  widely  along  the  road.  Many  of  the  weeds 
were  in  flower  or  fruit  by  the  end  of  July  1976  and  with  a few  weeks  of 
growing  season  left,  it  is  probable  that  many  of  them  matured  and  dis- 
persed seeds.  At  No  Name  Creek  (Murray  site  l),  bales  of  straw  which 
were  used  as  mulch  supported  hundreds  of  seedlings  of  Avena  sativa, 
Hordeum  vulgare,  and  Chenopodium  album.  Evidently,  thousands  of  weed 
seeds  were  introduced  with  a single  bale  of  straw. 

During  July  and  August  of  1977,  investigations  of  the  weeds  and 
weedy  species  occurring  along  the  Yukon  River-Prudhoe  Bay  Haul  Road  were 
conducted  by  A.W.  Johnson  and  S.A.  Kubanis.  The  occurrence,  abundance, 
and  development  of  these  species  were  documented.  This  report  summar- 
izes the  progress  made  to  date  and  future  plans. 


Background 

Many  weed  species  have  been  observed  in  subarctic  regions,  but  few 
live  in  the  Arctic.  For  example,  nearly  200  species  of  introduced 
flowering  plants  were  reported  from  the  Alaskan  subarctic  by  Hult£n 
(1968),  but  only  one  species  was  observed  north  of  the  Brooks  Range. 

There  are  two  primary  reasons  for  the  lack  of  weed  species  in  the 
Arctic.  First,  few  exotic  weed  species  were  introduced  into  the  area. 
Little  farming  or  grazing  occurs  in  the  Arctic,  and  it  is  through  farming 
or  grazing  that  many  weeds  are  introduced  into  new  areas.  Subarctic 
areas  of  Alaska  have  been  farmed  or  grazed,  and  consequently  they  are 
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saturated  with  exotic  weed  species.  Weed  species  were  also  introduced 
into  the  subarctic  areas  of  Alaska  by  means  of  the  continuous  road  system 
from  Canada  into  Alaska,  but  in  the  Arctic,  until  recently  there  were  no 
such  roads.  Prior  to  this  time,  introduction  of  exotic  weeds  in  the 
Arctic  resulted  from  infrequent  air  or  water  transport. 

The  second  major  reason  for  the  lack  of  weed  species  in  the  Arctic 
is  that  the  characteristic  physiology  and  growth  habits  of  the  weeds 
prevent  their  establishment.  Weeds  are  often  annuals  and  they  "survive" 
the  winter  as  seeds.  Thus  the  success  of  an  annual  weed  depends  upon 
whether  the  environmental  conditions  are  sufficient  for  the  weed  to 
mature  and  disperse  its  seeds  during  the  short  growing  season.  Although 
annuals  can  usually  accomplish  this  in  the  boreal  areas  of  Alaska,  often 
they  cannot  in  the  Arctic  where  the  length  of  the  growing  season  is  6 0 
days  or  less.  Most  native  species  are  perennials  and  do  not  depend  on 
annual  seed  set  for  survival.  Few  native  annual  species  found  in  the 
Arctic  have  the  ability  to  set  seeds  annually. 

The  construction  of  the  Yukon  River-Prudhoe  Bay  Haul  Road  provided 
opportunities  for  the  introduction  of  exotic  weed  species.  This  road 
provides  a route  along  which  weed  species  can  be  introduced  by  trucks  and 
man  from  the  Alaskan  interior.  In  addition,  the  weeds  have  the  oppor- 
tunity to  differentiate  variants  and  may  become  adapted  to  the  more 
severe  conditions  and  short  growing  season  of  the  Arctic.  These  variants 
could  survive  and  migrate  north  along  the  road.  Thus,  an  extension  of 
weed  species  could  occur  north  along  the  Haul  Road  as  adaptation  occurs. 

With  the  construction  and  use  of  the  Haul  Road,  two  main  sources  of 
weeds  were  initiated.  The  road  cut  and  material  sites  were  revegetated 
with  grass  seed  which  contained  contaminants.  Also,  straw  containing 
many  weed  seeds  was  used  as  a mulch  in  many  areas.  Thousands  of  seeds 
could  be  present  in  a single  bale.  The  straw  was  obtained  from  the  Big 
Delta  area  (Larry  Johnson,  CRREL  in  litt.)  and  any  weeds  occurring  there 
may  be  introduced  as  well  as  the  straw  species  Avena  sativa  and  Hordeum 
vulgar e. 

A true  weed  is  an  opportunistic  plant  which  is  introduced  into  an 
area.  It  can  take  advantage  of  temporary  resources,  especially  space. 
Weedy  species,  on  the  other  hand,  are  native  species  which  act  like  true 
weeds  to  some  extent  by  pioneering  on  disturbed  sites.  These  weedy 
species  are  usually  generalists,  and  may  be  members  of  fairly  different 
vegetation  types. 

Weeds  often  have  certain  characteristics  or  qualities  related  to 
their  ability  to  colonize  disturbed  areas.  They  have  become  fairly 
dependent  upon  man  for  their  spread  and  perpetuation.  Usually,  they  are 
relatively  light-demanding,  xerophytic,  frost  resistant,  deep  rooting  and 
unexacting  as  to  soil  (Daubenmire  1968).  Weeds  have  the  ability  to  build 
large  populations  quickly,  and  often  evolve  mechanisms  to  ensure  disper- 
sal. Through  these  characteristics  and  qualities,  these  opportunistic 
plants  are  adapted  for  invasion  of  any  open  space  as  long  as  its  environ- 
ment is  within  the  physiological  tolerances  of  the  plant.  Introduced 
weeds  generally  last  only  as  long  as  the  disturbed  habitat  exists. 
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They  are  intolerant  of  the  conditions  that  develop  with  the  establishment 
of  dense  plant  cover  (Daubenmire  1968).  The  high  reproductive  capacities 
of  weeds  enable  them  to  survive  by  taking  advantage  of  newly  created 
bare  areas.  Weeds  usually  begin  to  produce  seeds  at  a young  age.  In 
addition,  they  often  produce  great  numbers  of  seeds. 

On  most  disturbed  sites  in  subarctic  areas,  a mixture  of  weeds  and 
weedy  species  occurs.  Twenty  to  thirty  native  invading  species  are  to  be 
expected  on  disturbed  sites.  The  number  of  introduced  weeds  depends  upon 
proximity  to  farming,  transportation,  grazing,  and  other  activities 
related  to  man.  Native  invading  species  may  remain  as  minor  components 
of  the  vegetation  even  after  the  establishment  of  species  belonging  to 
more  mature  communities.  Introduced  weeds  usually  disappear  as  the 
native  vegetation  establishes  and  the  disturbed  site  characteristics  are 
eliminated.  Weeds  are  intolerant  of  crowded  conditions  and  do  not  fare 
well  in  competition  with  native  species. 


Objectives 

The  objectives  of  this  study  are  summarized  below.  Investigations 
of  these  areas  were  undertaken  by  S.A.  Kubanis  during  the  summer  of  1977 
along  the  Yukon  River-Prudhoe  Bay  Haul  Road.  Progress  was  made  in  all 
areas  and  is  anticipated  to  continue  over  the  next  two  years.  Objectives: 

1.  To  document  the  persistence  of  seeded  grasses  on  roadsides  and 
in  material  sites. 

2.  To  document  evidence  of  invasion  of  cleared  and  seeded  areas  by 
native  plant  species  and  study  plant  succession. 

3.  To  investigate  the  extent  and  success  of  the  introduced  weeds  by: 

a.  preparing  a full  species  list 

b.  establishing  the  areas  occupied  by  weeds  and  where  they  are 
located 

c.  determining  the  larger  areas  which  have  not  yet  been  invaded 
by  weeds 

d.  establishing  the  weeds'  reproductive  status 

e.  recording  the  movement  of  weeds  along  the  Haul  Road 

f.  assessing  competition  between  weeds  and  native  species,  and 
attempting  to  evaluate  how  long  they  will  persist 

g.  exploring  the  question  of  whether  or  not  selection  for  temp- 
erature and  light  variants  has  occurred. 

To  follow  and  document  the  extension  of  range,  if  any,  of  native 
plant  species  along  the  road. 

Methods 

Permanent  transects  and  plots  were  established  at  98  sites  along  the 
Haul  Road  (locations  are  indicated  on  appended  maps).  Most  were  estab- 
lished perpendicular  to  the  road.  These  transects  included  the  disturbed 
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areas  on  either  side  of  the  road  and  extended  into  the  area  of  natural 
vegetation.  Wooden  stakes  were  driven  into  the  ground  at  two  or  more 
points  along  the  transect  on  either  side  of  the  road.  The  stakes  were 
marked  with  the  site  number  and  tagged  with  lengths  of  surveyor's  tape  to 
facilitate  relocating  them  in  future  growing  seasons.  The  distance  from 
the  transect  to  the  nearest  road  culvert  was  measured  to  the  nearest 
tenth  of  a meter  and  recorded  along  with  the  culvert  identification 
number.  The  distances  to  the  nearest  camp  and  access  road  or  bench 
mark  were  also  measured  using  the  truck  odometer.  Other  transects  across 
reseeded  material  sites  were  established  using  similar  techniques.  Table 
1 lists  the  sites,  culverts,  distances  to  camps,  and  other  information 
relevant  to  the  site  locations. 

Transects  were  established  in  differing  areas  representative  of 
several  situations:  l)  bare  areas,  2)  areas  of  seeded  grasses  only,  3) 
areas  of  grasses  and  weeds,  It)  areas  of  grasses  and  invading  natives,  and 
5)  areas  of  grasses,  weeds  and  native  invaders.  These  situations  were 
selected  to  monitor  different  occurrences  which  included  the  appearance 
of  weeds  in  areas  free  of  them,  disappearances  from  or  persistence  of 
weeds  in  areas  where  they  now  exist,  succession  into  both  bare  and 
reseeded  areas  by  native  species,  competition  between  natives  and  weeds, 
arid  persistence  of  grasses  in  seeded  areas.  Square  meter  plots  were 
established  along  the  transects  by  using  a wooden  quadrat  frame.  The 
number  of  plots  varied  with  the  length  of  the  transect  which  was  deter- 
mined by  the  size  of  the  disturbed  area. 

For  each  square  meter  plot,  all  species  of  plants  were  recorded  and 
the  percent  cover  for  each  species,  grasses  (collectively),  and  bare 
ground  were  estimated.  The  scale  used  was: 

Less  than  1%  cover  = + 


1-19%  cover  = 0 
20-39%  cover  = 1 
*4  0-59%  cover  = 2 
60-79%  cover  = 3 
80-99%  cover  = *4 
100%  cover  = 5 


The  area  50  m north  and  south  of  the  transect  was  also  examined  for  the 
types  of  weed  species  present.  Site  differences,  the  presence  of  pollin- 
ators, straw  or  netting,  last  year's  growth,  and  other  information  were 
also  recorded.  Photographs  were  taken  to  document  observations. 

Phenological  data  for  weed  species  were  collected  over  the  growing 
season.  Vegetative  growth,  height,  buds,  flowers,  fruits,  dispersal,  and 
senescence  were  recorded.  Plants  were  revisited  as  often  as  the  avail- 
ability of  transportation  would  allow.  Phenological  events  were  also 
documented  with  photographs. 

Where  single  species  stands,  or  stands  of  two  or  three  species  of 
weeds  or  native  invaders,  were  found,  permanent  population  observations 
were  established  using  transects,  plots,  and  locating  techniques  as 
described  earlier.  Again,  a square  meter  quadrat  was  used  and  the  number 
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Table  1.  Site  locations. 


(.amp 


Distance  from 

Nearest 

Distance 

Side 

D i s t a nc  e 

(N) 

Other  location 

camp  to  site. 

culvert 

f rom 

of 

from  Yukon 

informal  ion 

mile*  (km) 

stat ion 

culvert 

road 

River  to 

site. 

to  site,  miles  (km) 

meters 


K-l 

Chanda  1 ar 

2. 1 

s 

0.4) 

894-f73 

150.0 

S 

F 

183.1 

(294.6) 

K-2 

Chanda  1 ar 

5.2 

s 

(8.4) 

720+88 

80.0 

N 

F. 

180. 1 

(289.8) 

K-  3 

Chanda  1 ar 

10.1 

s 

(160) 

~ 

E 

175.2 

(281 .9) 

north  of  creek 

K-4 

C hand a 1 ar 

13.4 

s 

(21.6) 

296+19 

6.2 

N 

E 

171  .9 

(276.6) 

K-5 

Cold  foot 

9.4 

s 

(15.1) 

1361+86 

55.8 

N 

F.+W 

128.4 

(206.6) 

K-f> 

Co  Id foot 

1.7 

N 

(2.7) 

- 

- 

E+W 

120.7 

(194.2) 

K-7 

Cold  foot 

10.4 

N 

(16.7) 

1417*69 

96.0 

N 

F 

129.4 

(208.2) 

K-8 

Co  1 d f oo  t 

15.0 

N 

(24.1) 

- 

- 

W 

134.0 

(215.6) 

K-9 

Co  Id foot 

12.3 

N 

(19.8) 

“ 

- 

F. 

131 . 3 

(21 1.3) 

across  from  100  APL-2A 

K- 10 

Coldf oot 

10.  f» 

N 

(17.1) 

1426+24 

125.0 

N 

W 

129.6 

(208.5) 

K-l  1 

Coldfoot 

1 1 .8 

N 

(19.0) 

- 

- 

w 

130.8 

(210.5) 

in  parking  area 

K-l  2 

Coldf oot 

4.8 

s 

(7.7) 

- 

- 

w 

114.2 

(183.7) 

K-l  3 

Coldfoot 

4.9 

S 

(7.9) 

- 

- 

B 

114.1 

(183.6) 

K- 14 

Coldfoot 

6.8 

s 

(10.6) 

528+26 

108.7 

N 

W 

112.4 

(180.9) 

along  side  road 

K-l  5 

Coldfoot 

5.0 

s 

(8.0) 

- 

- 

F. 

114.0 

(183.4) 

across  from  97  API.  AMS  3 

K-16 

Coldfoot 

4.5 

s 

(7.2) 

- 

- 

W 

114.5 

(184.2) 

K-17 

Coldfoot 

6.7 

s 

(10.8) 

528+26 

62 

S 

E+W 

112.3 

(180.7) 

K-18 

Coldfoot 

6.7 

s 

(10.8) 

521+74 

53.8 

N 

E+W 

112.3 

(180.7) 

K-19 

Pump  Sta. 

5 

1.8 

N 

(2.9) 

1315+16 

53.0 

N 

E 

83.0 

(133.5) 

K-20 

Pump  Sta. 

5 

3.9 

N 

(6.3) 

- 

- 

W 

85.1 

(136.9) 

Jim  River  2,  south  side 

K-21 

Pump  Sta. 

5 

3.9 

N 

(6.3) 

- 

- 

W 

85.1 

(136.9) 

Jim  River  2,  south  side 

K-22 

Pump  Sta. 

5 

3.9 

N 

(6.3) 

- 

- 

w 

85.1 

(136.9) 

Jim  River  2,  south  side 

K-23 

Coldfoot 

10.7 

S 

(17.2) 

326+94 

136.0 

N 

E+W 

108.3 

(179.3) 

in  natural  vegetation 

K-24 

Coldfoot 

14.3 

(23.0) 

134+23 

176.5 

N 

E+W 

104.7 

(168.5) 

in  natural  vegetation 

K-25 

Coldfoot 

21.5 

s 

(34.6) 

2098+18 

11.5 

S 

E+W 

*7.5 

(156.9) 

K-26 

Pump  Sta. 

5 

4.1 

s 

(6.6) 

1001+00 

11.7 

N 

E+W 

77.1 

(124.1) 

K-27 

Pump  Sta. 

5 

4.3 

s 

(6.9) 

984+50 

31.3 

N 

E+W 

76.9 

(123.7) 

K-28 

Pump  Sta. 

5 

6.4 

s 

(10.3) 

873+00 

99.5 

N 

E+W 

74.8 

(120.4) 

K-29 

Pump  Sta. 

5 

20.5 

s 

(33.0) 

160+64 

47.3 

N 

E+W 

60.7 

(97.7) 

K-30 

Pump  Sta. 

5 

28.6 

s 

(46.0) 

2924+22 

260.1 

N 

E+W 

52.6 

(84.6) 

K-31 

Pump  Sta. 

5 

34.2 

s 

(55.0) 

2678+07 

12.7 

N 

F.+W 

47.0 

(75.6) 

K-32 

Pump  Sta. 

3 

2.4 

s 

(3.9) 

- 

- 

E 

78.8 

(126.8) 

in  91.1  APL,  at  end  of  road 

IC-33 

Old  Man 

21.5 

s 

(34.6) 

1740+44 

30.4 

S 

F.+W 

29.3 

(47.1) 

K-34 

Old  Man 

29.1 

s 

(46.8) 

1 306+60 

4.1 

N 

E 

21.7 

(35.0) 

K-35 

Old  Man 

23.7 

s 

(38.1) 

1600+84 

15.4 

N 

W 

27.1 

(43.6) 

K-36 

Five  Mile 

26.2 

N 

(42.2) 

1711+98 

1.0 

S 

E 

30.7 

(49.4) 
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Table  1.  Site  locations  (cont’d) 


Site 

Camp 

Distance  from 
camp  to  site, 
miles  (km) 

Nearest 
culvert 
stat Ion 

Distance 
from 
culvert 
to  site, 
meters 

Side 

of 

road 

Distance  (N) 
from  Yukon 
River  to  site, 
miles  (km) 

Other  location 

Inf  ormat Ion 

K-17 

Five  Mile 

21.7 

N 

08.1) 

10624-00 

17.1  N 

F.4W 

18.1 

(29.1) 

K- 18 

Five  Mile 

27.7 

N 

(44.6) 

8124-60 

11.1  S 

F.4U 

14.1 

(22.7) 

K-19 

Five  Mile 

2.1 

S 

0.7) 

21 5+20 

91.2  N 

E4W 

2.2 

(3.5) 

K-40 

Five  Mile 

0. 1 

N 

(0.2) 

— 

- 

W 

4.6 

(7.4) 

west  of  north  brldgepost 

K-41 

Five  Mile 

3.0 

N 

(4.8) 

5014-00 

106.5  S 

E4W 

7.5 

(12.0) 

K -42 

Dletr lch 

6.4 

S 

(10.1) 

21964-65 

82.4  S 

F. 

147.1 

(237.0) 

K-41 

Dietrich 

. 09S 

(0.1) 

666 

124.8  N 

F.4W 

151 

(246.2) 

K-44 

Dletr  lch 

1.9 

N 

0.6) 

28094-90 

5.1  S 

E 

155.8 

(250.7) 

at  creek  north  of  DS  104 

K-45 

Dietrich 

1.8 

N 

(2.9) 

28  094-90 

- 

F. 

155.7 

(250.1) 

In  DS  104 

K-46 

Galbraith 

19.1 

S 

(11 .4) 

552.40 

37.8  N 

W 

200.9 

(323.2) 

Just  south  of  MS  112.0 

K-47 

At lgun 

1.0 

N 

(4.8) 

- 

~ 

F. 

198.4 

(319.2) 

back  in  off  road  on  S 111.2 

K-48 

At  lgun 

1.8 

N 

(6.1) 

~ 

- 

F. 

199.2 

(320.5) 

back  In  off  road  MS  111.2 

K-49 

Happy  Valley 

8.8 

S 

(14.1) 

28  2 04-94 

S 

E 

271.1 

(436.2) 

50  m north  of  slow  grade  sign 

K-50 

Happy  Valley 

8.9 

S 

(14.1) 

28204-94 

S 

W 

271 .0 

(436.0) 

5 m south  of  slow  grade  sign 

K-51 

Galbraith 

5.7 

N 

(9.2) 

5294-50 

64.0  S 

W 

226.1 

(363.8) 

opposite  API.  115.4 

K-52 

Tool lk 

5.1 

S 

(8.2) 

— 

- 

W 

215. 1 

(378.3) 

at  117  APL  DA,  north  bridge 

K-51 

Chanda lar 

5.6 

s 

(9.0) 

— 

- 

E 

179.7 

(289.1) 

K-54 

Chandalar 

6.6 

s 

(10.6) 

“ 

- 

E 

178.7 

(288.6) 

K-55 

Prospect 

7.1 

s 

(11.4) 

- 

- 

U 

72.7 

(117.0) 

K-56 

Prospect 

10.6 

s 

(17.1) 

- 

- 

E 

69.2 

(111.3) 

at  bridge  North  Fork  Bonanza 

K-57 

Old  Man 

1.7 

s 

(6.0) 

- 

- 

F. 

47.1 

(75.8) 

K-58 

Old  Man 

6.6 

s 

(10.6) 

25014-64 

N 

F. 

44.2 

(71.1) 

where  work  pad  crosses  road 

K-59 

Old  Man 

16.7 

s 

(26.9) 

~ 

- 

U 

14.1 

(54.9) 

K-60 

Five  Mile 

0.9 

N 

(1.5) 

- 

“ 

E 

5.4 

(8.7) 

25  m south  of  north  airport  gate 

K-61 

Pump  Sta.  1 

25 

N 

(40.2) 

21114-10 

12.1  N 

W 

255.4 

(410.9) 

north  of  121  APL  AMS  1 

K-62 

Pump  Sta.  1 

10.0 

s 

(16.1) 

~ 

- 

E 

242.9 

(390.8) 

.1  ml  (0.5km)  north  of  119  AMS  1 

K-61 

Galbraith 

0.0 

(0.0) 

- 

- 

U 

220.4 

(354.6) 

Just  north  of  Galbraith  entrance 

K-64 

Pump  Sta.  5 

17.6 

N 

(28.1) 

21 194-81 

155.5  N 

E 

98.8 

(159.6) 

K-65 

Five  Mile 

1.1 

N 

(5.1) 

5184-10 

79.7  S 

E4W 

7.8 

(12.6) 

K-66 

Five  Mile 

7.1 

N 

(11.4) 

- 

- 

E 

11.6 

(18.7) 

by  hill  sign 

K-67 

Five  Mile 

10.4 

N 

(16.7) 

876410 

56.5  S 

E 

14.9 

(24.0) 

K-68 

Franklin  Bluffs 

1.1 

S 

(2.1) 

1216410 

.9  N 

E 

121.6 

(517.5) 

K-69 

Franklin  Bluffs 

2.1 

S 

(1.4) 

1216410 

.1  N 

E 

120.8 

(516.2) 

K-70 

Franklin  Bluffs 

1.1 

s 

(5.0) 

- 

- 

E 

119.8 

(514.6) 

entrance  to  130  APL  AMS  5 

K-71 

Franklin  Bluffs 

11.5 

S 

(18.5) 

- 

" 

W 

111.4 

(501 .0) 

1.1  ml  (1.8km)  aouth  of  110  APL 
AMS  2 

K-72 

Frankl In  Bluffs 

16.2 

s 

(26.1) 

687447 

50.2  S 

V 

106.7 

(493.5) 
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Table  1 (cont'd) 


Site  Camp 


U 1 at  an<  e from  Neareat 

camp  to  alte,  culvert 

ml  lea  (km)  atat Ion 


Diatance  Side 
from  of 

culvert  road 
to  site , 
metera 


Distance  (N) 
from  Yukon 
Klver  to  alte, 
miles  (km) 


Other  location 
Informat  Ion 


K-71 

Frank  1 In  HI uf  f M 

17.7 

S 

(28.5) 

-- 

— 

E 

105.2 

(A91 .1) 

K-7A 

Happy  Valley 

14.1 

N 

(22.7) 

1991+00 

55.1  N 

U 

29A.O 

( A 7 3.0) 

K-75 

Happy  Valley 

20 . 0 

N 

(12.2) 

A 500+50 

99.7  N 

w 

299.9 

(A82.5) 

K - 7 f» 

Chandalar 

n.o 

S 

(20.9) 

- 

- 

w 

172.1 

(277.2) 

K-7  7 

Diet  rich 

1.5 

S 

(5.6) 

2522+00 

11.9  N 

F.+W 

150.  A 

(2A2.0) 

baae  of  Sukapak  Mtn. 

K-78 

Diet  rich 

19.  6 

s 

(11.5) 

-- 

-- 

E+W 

112.1 

(212.9) 

0.1  (0.2km)  aouth  of  Hammond 

K-79 

Cold  foot 

9.6 

s 

(15. A) 

- 

- 

F.+W 

1 09 . A 

(126.0) 

River  Bridge 

Juat  north  of  96  API.  AMS  1A 

K-80 

Pump  Sta.  5 

2.2 

N 

( 1.5) 

126+11 

51  .A  N 

W 

81.  A 

(1  1A.2) 

K-81 

Proapec  t 

0.  1 

s 

(0.2) 

- 

- 

F. 

79.7 

(128.2) 

oppoalte  Proapec  t entrance 

K-82 

Proa pet  t 

1.4 

s 

(5.5) 

-- 

- 

W 

76.  A 

(122.9) 

K-81 

Five  Mile 

2.1 

N 

(1.  A) 

A A 0+00 

29.8  N 

E 

6.6 

(10.6) 

K -84 

Five  Mile 

5.  5 

N 

(8.8) 

625+50 

5.9  S 

F.+W 

10.0 

(16.1) 

K-85 

Five  Mile 

6.2 

N 

(10.0) 

661+20 

28. A N 

E+W 

10.7 

(17.2) 

K-86 

Five  Mile 

7.1 

N 

(11 .A) 

-- 

-- 

E+W 

11.5 

(18.5) 

100  m aouth  of  MS  80-1  algn 

K-87 

Five  Mile 

2.6 

N 

(A. 2) 

- 

-- 

E 

7.1 

(11 .A) 

K -88 

Five  Mile 

17.6 

N 

(28.1) 

- 

-- 

W 

22.1 

(15.6) 

K -89 

Five  Mile 

29. A 

N 

( A 7 . 1) 

-- 

- 

F. 

11.9 

(5A.5) 

K -90 

Old  Man 

0.2 

N 

(0.1) 

- 

- 

E 

51.0 

(82.1) 

200  m north  of  Old  Man  entrance 

K-91 

Old  Man 

1.2 

N 

(1.9) 

- 

- 

E 

52.1 

(81.8) 

where  pipeline  croaaea  road 

K-92 

Old  Man 

1.9 

N 

O.l) 

29AA+22 

80. A N 

W 

52.7 

(8A.8) 

K-91 

Happy  Valley 

1.6 

S 

(2.6) 

- 

- 

W 

278.1 

(AA7.8) 

oppoa 1 te  MS  1 2A-1 

K-9A 

Happy  Valley 

2.8 

S 

(A. 5) 

- 

- 

E 

277.1 

(AA5.9) 

K-95 

Happy  Valley 

0.0 

(0.0) 

-- 

- 

W 

279.9 

(A  50. A) 

at  aewage  pool 

K-96 

Calbralth 

2.1 

s 

0.2) 

1A51+A8 

50.2  S 

W 

218.6 

nil.)) 

K-97 

Cal  bra  1 1 h 

3.8 

s 

(6.1) 

- 

- 

W 

216.6 

0*8.5) 

K-98 

Five  Mile 

0.0 

(0.0) 

-- 

- 

W 

A. 5 

(7.2) 

behind  K trailer 

of  individuals  of  each  species  per  quadrat  was  determined.  Population 
plots  were  established  for  each  of  the  12  species  at  as  many  sites  as 
possible  along  the  Haul  Road.  Dispersal  and  the  presence  of  straw  were 
also  recorded  when  observed  in  these  plots.  Also  recorded  was  whether 
the  plot  was  of  a single  species  or  mixed  species.  Photographs  were  also 
taken . 


Whenever  possible,  mature  seeds  were  collected  from  all  weeds  and 
weedy  species  for  use  in  germination  experiments  to  determine  whether  or 
not  there  are  temperature  and  light  variants  over  the  altitudinal  gradi- 
ent. The  location  and  date  of  seed  collections  were  recorded  on  each 
voucher. 
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Table  2.  Collected  species  and  locations.* 


Spec les 


Collection  sites 


Spec les 


Collection  sites 


Achillea  borealis 

K-2,  K-4,  K-44 

Hordeum  vulgare 

K-22,  K-56 

Achl 1 lea  s lblr  lea 

K-55 

Matricaria  lnudora 

K-58 

Avena  satlva 

K-56 

Plaglobothrys  cognat  us 

K-14,  K-7 2 

Brass  1 ca  Juncea 

K-20,  K-39,  K-56 

Plagiobothrys  hirius 

K-2,  K-14 

Ganelina  satlva 

K-12 

Polygonum  aviculare 

K-56,  K-72 

Capsella  bursa-pastor  1 s 

1 

u: 

1 

* 

Polygonum  convolvulus 

K-22 

Chenopodlum  album 

K-5,  K-20 

Potentllla  norvegica 

K-56 

Corydalis  semperv Irens 

K-6 

Rorlppa  spp. 

K-l , K-22,  K-32 

Descurainia  sopliioides 

K-5,  K-7 

Rureex  sp. 

K-60 

Epllobiun  palustre 

K-6  1 

Sisymbrium  altlsslmum 

K-5,  K-39 

Erlgeron  acris 

K-32 

Taraxacum  spp. 

K-56 

Hordeura  Juba turn 

K-25 

Trlfollum  hybrldum 

K-65 

• : -u  • r»*pre  the  rie-thlr-i  f the  collected  specimens  that  were 

t i t in  i tear  raid  on  lQ  August  197Y. 

In  addition  to  the  establishment  of  precise,  permanent  plots, 
frequent  stops  were  made  along  the  road  to  record  what  was  present  for 
future  comparisons.  Some  areas  along  the  road  (ranging  from  approximately 
0.8  to  16  km  in  length)  which  had  no  evidence  of  any  exotic  weeds  as  yet 
being  established  were  found.  These  areas  were  traversed,  examined,  and 
marked  off  with  surveyor's  tape.  The  distance  from  each  end  of  the  area 
was  measured  to  the  nearest  camp  (using  the  truck  odometer),  so  that 
these  areas  could  be  relocated  and  monitored  over  the  next  two  years  for 
the  appearance  of  weeds  which  may  migrate  along  the  road.  As  would  be 
expected,  these  areas  were  those  where  little  or  no  roadside  revegetation 
had  been  done  (i.e.  narrow  road  cuts)  and  where  no  straw  had  been  used  as 
mulch. 

Collections  of  weed  species  and  some  native  invaders  were  made  along 
the  road.  Plants  were  tagged  and  pressed  in  the  field.  Table  2 lists 
the  species  and  the  sites  at  which  they  were  collected.  Collections  were 
also  made  to  document  the  extension  of  range  of  several  native  species. 

Eleven  sites  that  were  investigated  by  A.W.  Johnson  in  1976  (Brown 
and  Berg  1977)  were  revisited  in  1977  for  comparison.  Weed  species  and 
native  invaders  present  were  recorded  in  these  areas. 


Discussion 


Some  observations  and  provisional  conclusions  can  be  reported  at 
this  time,  but  much  data  remain  to  be  analyzed.  Because  emphasis  is  on 
the  changes  that  occur  over  time,  much  of  what  was  done  during  the  summer 
of  1977  was  for  the  purpose  of  establishing  a data  base  from  which  to 
monitor  future  changes. 
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Table  3.  Weed  species  from  Alyeska  Haul 
Road  (summer  1977). 


Avena  aatlva 
Braes  lea  j uncea 
Camel lna  sat lva 
Capael la  bursa-pastor Is 
Chenopodlum  album 
llordeum  vulgare 
Matricaria  lnodora 
Matricaria  mat r lcar loldes 


Plallobothrys  cognat us 
Plaglobothrys  hi rtus 
Polygonum  avlculare 
Polygonum  convolvulus 
Sisymbrium  a It lsslmum 
Thlaspl  arvense 
Trlfol lum  hybr ldum 


Table  U.  Native  invader  species  along  Alyeska 
Haul  Road  (summer  1977). 


Achillea  borealla 
Achl 1 lea  a lblrlca 
Arctagroatla  lat lfolla 
Astragalus  alpinus 
Be  tula  glanduloaa 
Betula  nana 
Betula  occldentalla 
Betula  papyrlfera 
Calaaagroatla  canadenala 
Carex  blgelowl 1 
Carex  aclrpoldea 
Chenopodlua  capltatua 
Cornua  canadenala 
Corydalla  aeapervlrena 
Oeacuralnla  aophloldea 
Dryaa  octopetala 
Enpetrua  nlgrua 
Epllobltaa  anguatlfollua 
Eplloblua  latlfoltu 
Eplloblua  paluatre 
Equlaetua  arvenae 
Erlgeron  acrla 
Hleraclua  trlate 


Hordeua  jubatum 
Ledum  paluatre 
Luzula  parvlf lore 
Petaaltea  frlgldua 
Plcea  aarlana 
Polygonum  alaalcanua 
Polygonua  blatorta 
Populua  treauloidea 
Rorlppa  hlaplda 
Rorlppa  lalandlca 
Roaa  aclcularla 
Ruaex  acetoaa 
Sallx  app . 

Seneclo  congeatua 
Seneclo  pauperculua 
Sptrea  beauverdlana 
Stellarla  sp. 
Vacclnlua  ullglnoaum 
Vacclnlua  vltla-ldaea 
Wllhelaala  phyaodea 
Boases 
1 lvervorta 
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Species  lists  of  the  weeds  and  native  invaders  were  compiled  to 
summarize  the  species  established  in  disturbed  areas  along  the  Yukon 
River-Prudhoe  Bay  Haul  Road  by  1977.  The  15  weed  species  observed  are 
listed  in  Table  3.  Native  invaders  are  listed  in  Table  It.  Some  of  the 
native  species  observed  are  common  in  Alaska,  including  Vacoinium  spp. , 
Carex  spp.,  Equisetum  spp.,  and  Polygonum  spp.  Of  the  weed  species,  some 
have  spread  rapidly  and  extensively  throughout  other  areas  in  Alaska  to 
which  they  were  introduced.  These  include  Matricaria  matrioarioidea , 
Chenopodium  album , Capaella  buraa-paatoris , Polygonum  aviculare,  and 
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able  5.  Weed  species,  annual  weedy  species  and  locations  along  Alyeska  Haul  Road  (simmer  1977) 


Trifolium  hybridum.  Some  of  these  appear  to  have  spread  north  to  the 
Yukon  River  (a  natural  barrier),  but  had  not  been  introduced  north  of  the 
river  until  the  construction  and  opening  of  the  Haul  Road  and  the  initi- 
ation of  the  revegetation  program.  At  the  other  extreme,  some  of  these 
weeds  have  quite  small  areas  of  known  occurrence  ( Hordeum  vulgare  and 
Matricaria  inodora) . Camelina  eativa  and  Plagiobothrya  hirtue  each  show 
only  one  site  of  occurrence  in  southeastern  Alaska  according  to  Hult£n 
(i 968) . The  establishment  of  these  species  north  of  the  Yukon  River 
illustrates  dramatically  how  the  activities  of  man  may  introduce  exotic 
weed  species. 

All  weed  species  identified  in  this  study  occur  south  of  the  Brooks 
Range,  but  north  of  the  Brooks  Range  only  6 of  the  15  weed  species  were 
observed.  The  numbers  of  species  generally  decrease  from  south  to  north 
along  the  577  km  of  road  between  the  Yukon  River  and  Prudhoe  Bay.  This 
decrease  is  probably  due  to  several  factors.  Climatic  conditions  north 
of  the  Brooks  Range  are  more  limiting,  particularly  to  annual  weeds  which 
depend  upon  annual  seed  set  and  dispersal  for  survival.  The  growing 
season  is  shorter,  temperatures  are  lower,  and  snow  persists  longer  north 
of  the  Brooks  Range.  It  was  observed  that  germination  of  weed  species 
north  of  the  Brooks  Range  was  considerably  later  than  it  was  south  of  the 
Brooks  Range.  By  18  July,  13  weed  species  had  been  found  in  areas  south 
of  the  Brooks  Range.  By  26  July,  no  true  weeds  had  germinated  north  of 
the  Brooks  Range.  The  only  annual  native  invader  observed  during  this 
period  was  Achillea  borealis , and  it  was  seen  in  only  a few  areas.  North 
of  the  Brooks  Range  ten  days  later,  six  weed  species  and  several  annual 
native  species  had  germinated.  Weeds  north  of  the  Brooks  Range  have  a 
shorter  growing  season.  It  was  observed  near  the  end  of  the  season 
that  many  species  apparently  would  not  set  seed  in  time  to  reproduce 
successfully. 

In  addition  to  fewer  species  north  of  the  Brooks  Range,  there  were 
also  less  frequent  occurrences  of  weeds  and  annual  native  invaders. 
Proceeding  north  of  the  Brooks  Range,  Hordeum  jubatum  was  observed  scat- 
tered fairly  frequently  along  the  road,  but  other  species  were  found  far 
less  frequently.  Aside  from  Hordeum  jubatum,  weeds  and  annual  weedy 
species  occur  in  approximately  15  sites  north  of  the  Brooks  Range. 

Table  5 shows  which  weeds  and  annual  native  invaders  were  observed 
in  each  of  36  l6-km  increments  of  the  road  from  the  Yukon  River  to 
Prudhoe  Bay.  A relatively  smaller  number  of  locations  and  species  are 
found  north  of  the  Brooks  Range. 

Among  these  species,  considerable  variation  exists  in  the  number  of 
increments  in  which  each  species  was  present.  This  number  of  increments 
is  totalled  in  the  right-hand  column  in  Table  5-  Some  species  occur  in 
many  of  the  36  increments,  including  Hordeum  jubatum,  Chenopodium  album, 
and  Corydalie  eempervirene  found  in  23,  20  and  13  of  them  respectively. 
Others  are  found  more  rarely  — Avena  eativa , Chenopodium  capitatum, 
Erigeron  aerie,  and  Camelina  eativa  are  found  in  3,  2,  1,  and  1 (of  the 
36  increments)  respectively.  Hordeum  vulgare  and  Avena  eativa , the  straw 
species,  were  not  observed  often. 
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Weed  species  and  annual  native  species  also  vary  in  the  percent 
cover  they  exhibit  in  disturbed  areas.  Grasses  show  from  0 to  90#  cover. 
Bare  ground  covers  from  10  to  100#  of  the  area.  Table  6 shows  the  range 
of  percent  cover  for  each  species  by  location.  The  column  at  the  far 
right  summarizes  the  range  of  percent  cover  for  each  species  over  the 
entire  length  of  the  road.  Avena  sativa , Descurainia  sophioides , Matri- 
caria matricarioid.es , Matricaria  inodora,  Plagiobothrys  hirtus,  Polygonum 
convolvulus.  Sisymbrium  altiseimum  and  Thlaspi  arvense  are  found  only  as 
less  than  1#  cover.  Achillea  sibirica , Capsella  bursa-pastoris,  Cory- 
dalis  sempervirens,  Hordeum  vulgare  and  Rorippa  species  show  up  to 
19#  cover.  A few  species  show  cover  greater  than  19#:  Achillea  borealis 
ranges  from  1 to  39#  cover,  Chenopodium  album  and  Hordeum  jubatum  range 
from  1 to  79#  cover,  and  Senecio  congestus  ranges  from  1 to  99#  cover. 

Population  data  are  summarized  in  Table  J.  Table  7 shows  the  number 
of  individuals  per  irr  for  12  weeds  and  native  invaders  and  also  indicates 
where  straw  was  observed  and  where  dispersal  was  occurring.  Population 
plots  were  established  wherever  a single  species  stand  or  a mixed  species 
stand  of  only  2 to  3 species  was  found.  The  overall  range  of  number  of 
individuals  per  m2  is  from  1 to  61+5.  One  species,  C.  album,  is  particu- 
larly interesting  in  that  it  shows  very  dense  populations  in  these  m2 
plots.  This  species  was  observed  sprouting  directly  on  bales  of  straw 
and  growing  frequently  in  areas  which  had  evidence  of  straw  mulch. 
Apparently  thousands  of  its  seeds  could  be  introduced  in  a single  bale 
of  straw.  C.  album  had  m2  plots  with  dense  populations  of  1 2U , 235*  1*60, 
612  and  61+5  individuals.  All  of  these  dense  populations  were  in  areas 
where  straw  was  present.  A plenitude  of  seeds  and  favorable  weather  may 
produce  dense  populations  of  colonizers  and  for  some  time  the  crowded 
conditions  may  provide  a microclimate  favorable  to  supporting  the  seed- 
ings.  However,  eventually  some  necessary  resource  becomes  too  sparse  and 
the  situation  degenerates.  If  the  soil  is  fertile,  genetic  differences 
among  the  plants  will  rapidly  be  expressed,  with  the  more  hardy  indi- 
viduals gaining  at  the  expense  of  the  weaker  individuals,  and  the  total 
density  will  decrease  fairly  rapidly  (Daubenmire  1968).  On  poorer  soils 
such  as  in  the  disturbed,  often  scraped  areas  along  the  Haul  Road,  the 
individuals  will  be  uniformly  stunted  despite  potential  differences  in 
growth  rates  and  survival  ability  (due  to  heterozygosity) , and  the  dense 
populations  may  persist  in  these  stunted  forms.  Eventually  thinning  will 
occur,  but  slowly  because  it  results  only  from  accidents  like  trampling, 
windthrow,  etc.  which  can  reduce  the  local  density.  Evidently  this  is 
the  case  with  the  observed  dense  populations  of  C.  album.  In  the  dense 
plots  reported  above,  the  height  of  the  plant  was  stunted,  ranging 
from  only  2 to  25  cm  near  the  end  of  the  growing  season.  In  other  areas 
of  less  dense  populations,  the  height  of  C.  album  ranged  from  30  to  95  cm 
depending  on  the  time  of  the  season  and  individual  site  differences. 

Even  north  of  the  Brooks  Range,  where  germination  occurred  much  later 
than  south  of  the  Brooks  Range  (where  the  dense  populations  were  seen), 

C.  album  was  observed  at  heights  of  up  to  75  cm.  The  dense  population 
plots  were  examined  several  times  from  ll+  July  77  until  2U  August  77,  and 
it  was  observed  that  little  growth  (less  than  5 cm)  took  place  over  that 
period  of  time,  and  no  thinning  out  of  individuals  occurred.  Apparently 
genetic  differences,  if  present,  were  not  being  expressed.  Despite  the 
stunted  growth  and  density  of  the  populations,  C.  album  was  setting 
seed  in  these  areas. 
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Table  7.  Population  data  for  weeds  and'  weedy  species  along  Alyeska 
Haul  Road  (summer  1977). 


Species 

Number  of  Individuals  per  m? 

Achillea  borealis 

3 

3 

1 

A 

12 

4 

13 

10 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

Achillea  sibirica 

3 

8 

19 

12 

8 

SS 

SS 

SS 

SS 

SS 

ChengEodliE  album 

460  645 

54 

31 

51 

124  612  235 

21 

4 

19 

9 

SS 

SS 

IK 

SS 

SS 

IK 

SS 

SS 

SS 

MS 

IK 

MS 

S 

s 

S 

s 

S 

S 

S 

s 

S 

S 

S 

s 

Cory  dal  is  serpervirens 

11 

10 

14 

26 

21 

14 

19 

MS 

(K 

SS 

SS 

SS 

SS 

SS 

D 

D 

D 

D 

D 

Enilobiun  arynjatifoliim 

45 

54 

1C 

MS 

Hordeun  jubatun 

43 

21 

1 

12 

12 

IK 

MS 

IK 

MS 

MS 

D 

D 

D 

D 

D 

S 

S 

s 

S 

S 

Matricaria  matricarioides 

2 

IK 

S 

Polygomm  alaakaran 

7 

SS 

21 

SS 

Polygonum  avlculare 

3 

A 

5 

7 

9 

2 

22 

13 

2 

30 

3 

2 

MS 

MS 

MS 

MS 

IK 

MS 

IK 

MS 

IK 

MS 

MS 

IK 

Polygonun  convolvulus 

10 

i 

MS 

MS 

S 

s 

Rorippa  higplda 

7 

7 

6 

9 

7 

13 

4 

15 

7 

4 

15 

7 

4 

8 

i 

1 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

SS 

MS 

MS 

D 

D 

D 

0 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

S 

Seneclo  conges tus 

9 

7 

6 

7 

32 

26 

9 

27 

27 

12 

14 

5 

9 

10 

10 

5 

7 

n 

8 

2 

6 

SS 

SS 

MS 

SS 

SS 

SS 

SS 

SS 

IK 

IK 

SS 

MS 

MS 

IK 

IK 

PK 

MS 

IK 

MS 

IK 

IK 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

SS  - single  species  stand 
MS  - mixed  species  stand 
D - dispersal  observed 
S - straw  present 


2 

The  populations  of  S.  oongeetuB  having  26-32  individuals/m  were 
also  fairly  dense.  Because  of  the  size  of  these  plants,  the  cover  of 
these  populations  ranged  from  80-99/5* 

Seed  collections  are  summarized  in  Table  8.  Fewer  seeds  were 
available  for  collection  north  of  the  Brooks  Range  than  south  of  it 
because  of  the  less  frequent  occurrences,  lower  densities,  and  later 
germination  and  subsequent  later  seed  maturation  or  failure  to  set  seed. 
Two  species  in  particular,  Chenopodium  album  and  Achillea  borealie , 
were  slow  in  setting  seed,  and  collections  of  these  species  are  sparse. 
Seeds  of  Achillea  borealie  were  collected  when  not  fully  matured  and 
may  not  be  viable.  Seed  collections  for  Capieella  burea-pastorie, 

Hordeum  jubatum , Hordeum  vulgare,  Ftorippa  species,  and  Seneaio  conges- 
ts were  made  over  long  distances  along  the  road  both  north  and  south  of 
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Table  8.  Seed  collections  of  weeds  and  weedy  species  along  Alyeska  Haul  Road  (summer  1977 ) . 


the  Brooks  Range  and,  hopefully,  these  will  be  useful  for  germination 
tests. 

The  extension  of  range  of  several  native  species  was  observed. 
Several  other  species  are  also  being  examined  for  possible  range  ex- 
tensions. Achillea  sibirica , which  had  been  recorded  only  as  far  north 
as  the  Brooks  Range,  was  observed  at  site  K-75  (in  MS  127-2)  which  is 
482.6  km  north  of  the  Yukon  River  or  roughly  l60  km  north  of  the  Brooks 
Range.  This  material  site  was  reseeded  and  observed  growth  of  grasses 
in  1977  covered  19%  of  the  area.  Achillea  sibirica  was  healthy  and 
flowering  there.  Its  occurrence  at  the  site  appears  to  be  directly 
related  to  haul  road  activities  because  it  was  present  only  in  the 
seeded  area  of  this  material  site. 

Chenoipodium  capitatum  was  previously  recorded  about  as  far  north  as 
the  Yukon  River.  It  was  observed  in  summer  1977  at  several  sites  north 
of  the  Yukon:  at  site  K-98  located  at  5-mile  Camp,  about  7-2  km  north 
of  the  Yukon,  and  in  MS  79-2,  about  13.5  km  north  of  the  Yukon.  Cheno- 
podium  capitatum  was  also  fruiting  and  dispersing  at  K-6l,  which  is  4ll 
km  north  of  the  Yukon  River.  This  site  is  a small  revegetation  area  on 
the  west  side  of  the  road  a few  meters  north  of  121  APL  AMSI . The  cover 
estimated  for  Chenopodium  capitatum  at  this  site  was  1-19%. 

Corydalis  sempervirens  was  recorded  in  central  Alaska  south  and 
just  north  of  the  Yukon  River.  This  species  was  observed  repeatedly  in 
disturbed  areas  along  the  road  up  to  240  km  north  of  the  Yukon  River 
and  was  present  in  10  of  the  permanent  transects.  It  appears  to  be 
successful  in  these  disturbed  areas,  presumably  occurring  for  the  second 
year  at  some  sites  because  it  shows  both  the  rosette  and  flowering  forms 
typical  of  its  biennial  growth  habit.  C.  sempervirens  was  also  observed 
and  photographed  at  site  K-10  (208.5  km  north  of  the  Yukon)  where  it  was 
growing  and  dispersing  approximately  10  m beyond  the  revegetation  area 
in  natural  vegetation.  It  was  also  observed  in  disturbed  areas  where  no 
apparent  revegetation  had  been  undertaken,  such  as  at  site  K-6  which  is 
194.2  km  north  of  the  Yukon.  Apparently  this  species  has  already  begun 
migrating  along  the  road. 

Hordeum  jubatum,  which  occurs  throughout  much  of  Alaska  south  of 
the  Brooks  Range,  extended  its  range  north  alcng  the  Haul  Road  as  far  as 
site  K-68,  517-5  km  north  of  the  Yukon  River.  Site  K-68  is  a small 
revegetation  area  with  straw  mulch  present.  H.  jubatum  is  seen  fairly 
consistently  from  this  site  to  the  Yukon.  This  species  is  probably 
migrating  along  the  Haul  Road  by  means  of  its  wind-dispersed,  mobile 
seeds. 


These  range  extensions  over  impressive  distances  show  how  weedy 
species  may  be  spread  through  the  activities  of  man  to  new  locations 
where  they  may  invade  and  reproduce. 

Observations  comparing  the  11  sites  where  second  year  observations 
were  made  in  1977  are  summarized  in  Table  9-  Chenopodium  album , Achil- 
lea borealis  and  Hordeum  jubatum  reappeared  in  1977  in  nearly  every  site 
where  they  were  observed  in  1976.  They  appear  to  be  reproducing  success- 
fully. It  will  be  interesting  to  see  whether  they  persist,  and  if  so. 
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Table  9-  Two-year  compare  n of  species  in  selected  sites  along 
Haul  Road. 

Site  I.  Location:  culvert  503+72.  1.4  miles  (2.3  kin)  north  of  Benchmark  Y155. 

Large  revegetation  area,  no  straw. 


Site  II.  Location:  near  Benchmark  M148.  Roadside  ridge,  seeded,  covered  with  straw. 


Chenopodlum  album 


Achillea  sp.  (one  leaf) 
Plaglobothrys  sp. 


Chenopodlum  album 


Site  III.  Location:  winter  trail  crossing  the  road  near  the  pipeline  crossing  Just 

south  of  Old  Man  (Larry  Johnson  site  2). 


Plaglobothrys  hirtus 


Plaglobothrys  cognat us 


Plaglobothrys  hirtus 


Plaglobothrys  cognatus 


Matricaria  lnodora 
Thlaspl  arvense 


Site  IV.  Location:  No  Name  Creek.  Straw  present  in  1976. 


Chenopodlum  album 


Hordeura  Juba turn 
Avena  sativa 


Chenopodlum  album 


Hordeura  Juba turn 


Sice  V.  Location:  just  north  of  MS  194-1.  Straw  present  in  1976. 


Hordeura  Juba turn 
Chenopodlum  album 
Achillea  sp. 

Ruraex  sp . (?) 
Barbarea  sp . 


Hordeura  Juba turn 
Chenopodiura  album 
Achillea  borealis 
Rumex  acetosa 


Matricaria  lnodora 
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Table  9 (cont’d).  Two-year  comparison  of  species  in  selected  sites 
along  Haul  Road. 


Site  VI.  Location:  culvert  3058  + ; 

1976 

grasses 
Achillea  sp. 
Hieracium  sp.  ? 

Site  VII.  Location:  culvert  2809  ♦ 
1976 

Hordeum  jubatum 
Chenopodlun  album 
Descuralnla  sophloldes 
Avena  satlva 
Anslnckia  sp. 

Barbarea  sp , 

Rorippa  sp . ? 

Polygonum  convolvulus 


. Seeded  In  1975. 

1977 
grasses 

Achillea  borealis 

At  DS  104.  Straw  present  in  1976. 
1977 

Hordeum  jubatum 
Chenopodlum  album 
Descuralnla  sophloldes 


Hieracium  sp. 
Achillea  borealis 


Site  VIII.  Location:  Benchmark  S156.  Small  reveg.  site  east  of  road. 

1976  1977 

Chenopodlum  album  Chenopodlum  album 

Polygonum  convolvulus  — 

Site  IX.  Location:  Benchmark  S155.  Hear  culvert  781  4-  56.  Straw  present 
In  1976,  seeded  In  1975. 

1976 

Descuralnla  sophloldes 
Capse 1 la  bursa-pas  tor Is 
Crucifer 
Achll  lea  sp. 

Rorippa  sp . ? 

Polygonum  convolvu lus 
Plaglobothrys  sp. 

Chenopodlum  album 


1977 


Chenopod lum  a 1 bum 
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Table  9 Ccont'd) 


Site  X.  Location:  culvert  543  ♦ 00.  Three  bales  of  straw  present  in  1976, 
weeds  were  growing  out  of  bales.  Straw  present  in  1977. 


1976 

1977 

Avena  sativa 

Avena  sativa 

Hordeum  sp . 

Hordeum  vuLgare 

Chenopodium  album 

Chenopodium  album 

Hordeum  Jubatum 

Site  XI.  Location:  Benchmark  T154, 

near  CRREL  site  122-LA. 

1976 

1977 

■ 

Thlaspi  arvense 

— 

Plagiobothrys  sp. 

Plagiobothrys  hirtus 

for  how  long,  at  these  sites.  Other  species  also  reappeared  in  some 
sites  last  summer,  including  Plagiobothrys  oognatus , P.  hirtus , Descur- 
ainia  sophioides  and  Avena  sativa  but  with  less  consistent  success. 

Other  species  were  not  present  in  1977  at  the  same  sites  as  in  1976 
because  of  their  failure  to  reproduce  successfully.  These  species 
include  Rarbarea  sp.,  Amsinckia  sp..  Polygonum  convolvulus,  Capsella 
bursa-pastoris,  and  Thlaspi  arvense.  It  was  observed  that  at  site  XI  as 
well  as  at  other  sites  along  the  road,  stalks  from  last  year's  growth  of 
Thlaspi  arvense  remained  standing  with  their  silicles  still  intact. 

Their  seeds  were  not  dispersed.  These  seeds  were  collected  at  a few 
sites  to  run  germination  tests  to  determine  if  any  of  the  seeds  are 
still  viable.  More  will  be  known  about  the  reproductive  success  of  the 
weeds  and  weedy  species  after  the  field  season  of  1978. 


Much  of  the  phenological  data  remain  to  be  analyzed.  Table  10 
lists  the  species  which  were  dispersing  seeds  during  1977  by  2h  August. 
These  species  may  have  the  potential  to  germinate  in  1978,  depending 
upon  the  viability  of  their  seeds  and  other  factors.  North  of  the 
Brooks  Range,  dispersal  was  observed  for  Chenopodium  capitatum , Hordeum 
jubatum,  Hordeum  vulgare,  and  Senecio  congestus.  A few  other  species, 
including  Achillea  borealis,  Avena  sativa,  Capsella  bursa-pastoris , 
Descurainia  sophioides  and  Rorippa  hispida,  had  nearly  matured  fruits , 
and  may  have  dispersed  viable  seeds  before  being  killed  off  by  frost  in 
late  August  or  September. 


Table  10.  Species  observed  dispersing  seeds 
in  1977  along  Haul  Road. 


Avena  sativa 
Capsella  bursa-pastoris 
Chenopodium  capitatum 
Corydalis  sempervirens 
Descurainia  sophioides 
Hordeum  jubatum 


Camel in a sativa 
Hordeum  vulgare 
Rorippa  spp. 

Senecio  congestus 
Sisymbrium  altissimum 
Thlaspi  arvense 


i 

* 

9 

t 
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Obviously,  some  of  the  species  of  weeds  and  annual  native  species 
are  capable  of  setting  seeds  despite  the  short  growing  season.  Thus,  it 
may  be  possible  that  some  will  be  perpetuated  from  year  to  year  for  a 
few  years.  Some  species  may  also  be  perpetuated  by  means  of  vegetative 
reproduction. 

The  successional  data  collected  in  1977  have  not  yet  been  analyzed. 
All  the  native  species  in  Table  U were  observed  invading  plots  in  the 
seeded  disturbed  areas  and  in  some  bare  areas.  Approximately  65  of  the 
permanent  sites  had  natives  invading  the  disturbed  area  plots.  The 
continued  invasion  of  native  species  over  the  next  two  years  will  be 
followed  in  these  plots  to  learn  more  about  succession  of  native  species 
in  both  seeded  and  bare  disturbed  areas. 
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PROJECT  2.  VEGETATION  MAPPING  AND  RESPONSE  TO  DISTURBANCE  ALONG 
THE  YUKON  RIVER-PRUDHOE  BAY  HAUL  ROAD 

P.J.  Webber,  V.  Kom5rkov£,  D.A.  Walker  and  E.  Werbe 
Institute  of  Arctic  and  Alpine  Research 
University  of  Colorado 

Summary 

The  vegetation  research  along  the  complex  elevational  and  latitud- 
inal gradient  between  the  Yukon  River  and  Prudhoe  Bay  in  1977  has  been 
in  part  a continuation  of  the  work  accomplished  in  1976.  Several  new 
subprojects  were  initiated  in  1977;  these  include  a "mile-by-mile" 
vegetation  survey,  a study  of  recovery  rates  following  disturbance,  a 
dust  impact  study,  and  an  oil  spill  study. 

The  1977  field  achievements  can  be  summarized  an  follows:  120 
stops  for  the  "mile-by-mile"  survey  were  made  and  these  sites  analyzed 
for  vegetation  and  environmental  variables;  seven  new  vegetation  maps 
were  jirepared  at  a scale  of  1:6000;  35^  10-  by  10-m  plots  were  estab- 
lished and  documented;  70  sites  were  analyzed  for  the  disturbance  study 
as  well  as  the  same  number  of  undisturbed  vegetation  stands;  58  addi- 
tional sites  at  significant  points  along  the  Haul  Road  were  also  sampled 
for  vegetation  and  environment.  An  extensive  collection  of  material  for 
the  Haul  Road  effects  study  was  made.  A recent  oil  spill  was  visited 
and  the  response  of  vegetation  to  the  disturbance  examined. 

Only  some  of  the  data  collected  are  included  in  this  report.  A 
small  part  of  the  data  for  the  "mile-by-mile"  survey  was  plotted  in 
order  to  assess  the  value  of  the  collected  data.  It  is  possible  to 
conclude,  on  the  basis  of  the  data  examined  thus  far,  that  the  informa- 
tion gathered  in  1977  is  valuable  and  that  it  will  contribute  effect- 
ively to  the  achievement  of  the  overall  objectives  of  the  project. 

Our  primary  1978  summer  objectives  will  be:  continuation  of  the 
"mile-by-mile"  survey  on  a more  detailed  level,  further  vegetation 
mapping  and  revisiting  of  established  and  documented  sites,  location  of 
additional  permanent  study  sites,  and  further  development  of  the  data 
base  for  the  study  of  vegetation  recovery  rates. 


Uubproject  1 

"Mile-by-mile"  description  of  landforms  and  vegetation  between  the 
Yiikon  River  and  Prudhoe  Bay. 

Objecti vc 

Describe  major  forest  and  tundra  types  on  this  transect. 
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Progress 


The  field  work  for  the  first  stage  of  this  subproject  was  completed 
during  the  past  summer.  A total  of  120  stops  were  made  along  the  Haul 
Road  at  5-km  intervals  because  it  was  impossible  to  make  a literal 
"mile-by-mile"  survey  due  to  time  and  logistic  constraints.  At  each 
stop,  vegetation  and  environmental  variables,  including  soils,  were 
described  and  photographs  of  each  stop  were  obtained.  The  vegetation 
sampling  method  was  that  of  the  Braun-Blanquet  school  of  vegetation 
analysis  (Westhoff  and  van  der  Maarel  1973).  The  vegetation  sample,  or 
relev6,  consists  of  a cover  estimate  for  each  plant  taxon  present 
in  a subjectively  selected,  uniform  vegetation  stand.  The  locations  of 
the  stops  for  the  "mile-by-mile"  survey  are  found  on  the  appended  CRREL 
Haul  Road  maps.  Table  1 gives  some  of  the  values  for  selected  factors 
which  were  estimated  at  each  stop. 

An  elevational  and  latitudinal  profile  of  the  Haul  Road  is  shown  in 
Figure  la  for  correlation  with  the  distribution  of  selected  factors 
(Fig.  lb,  lc,  2,  3 and  1 ) , and  with  the  climatic  factors  of  Haugen,  1975 
(Fig.  Id). 

Preliminary  analysis  of  results  indicates  that  distinct  patterns 
exist  between  the  distribution  of  both  plants  and  other  variables  and 
that  these  patterns  can  be  related  to  the  elevational  and  latitudinal 
complex  environmental  gradients.  It  is  possible  to  conclude  that  the 
collected  data  set  is  appropriate  and  sufficient  for  the  achievement  of 
the  first  stage  of  this  subproject:  description  of  the  vegetation  along 
the  Haul  Road  transect  at  definite  intervals.  Data  from  additional 
sites,  sampled  along  the  Haul  Road  at  significant  points  (Table  2), 
and  data  provided  by  subprojects  3 and  4 will  be  utilized  during  the 
second  stage.  This  second  stage  includes  the  description  of  major 
forest  and  tundra  types  along  the  taul  Road  transect.  A list  of  vas- 
cular plants  from  the  survey  is  available  separately. 

I mmedi ate  activ i t i es 


l)  Complete  plant  identification,  2)  develop  a list  of  plants  which 
have  been  determined  (in  conjunction  with  subproject  4),  3)  conduct 
partial  soil  analysis  of  the  collected  samples,  4)  plot  the  distribution 
of  significant  plants  and  other  variables,  and  5)  compare  our  results 
with  environmental  and  other  studies  along  the  Haul  Road. 


Fubprojeot  2 

Revisiting  the  ten  1976  map  and  permanent  quadrat  sites  along  the 

Haul  Road. 

Objective1 

Revisit  plots  to  observe  any  obvious  changes  that  have  occurred  in 

the  past  year. 
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Table  1 (cont'd).  Selected  estimated  variables  for  each  station  of  the  Haul  Road  transect 
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able  1 (ccnt’d).  Selected  estimated  variables  for  each  station  of  the  Haul  Road  transect 


Insect  scale  (1-10) 


Insert  scale  (1-10) 


Table  2.  List  of  additional  and  significant  points  along  the  Haul  Road  at  which  vegetation 
and  environment  were  analyzed. 
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Figure  2.  Distribution  by  percentage  cover  of  major  growth  forms  along 
the  Haul  Road  transect.  Trees  are  limited  to  the  forested  region  in 
the  southern  part  of  the  transect.  Shrubs  do  not  reach  high  cover  north 
of  the  Brooks  Range  unlike  herbs  which  do  not  reach  high  cover  in  many 
cases  in  the  forest  and  shrub  communities.  The  cover  of  herbs  appears 
to  be  inversely  related  to  the  cover  of  cryptogams. 
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Figure  3.  Distribution  by  percentage  cover  of  selected  plant  taxa  along 
the  Haul  Road  transect. 

The  taxa  are  arranged  according  to  their  major  growth  form  (tree,  shrub, 
herb,  cryptogam)  and  according  to  their  distribution  along  the  transect. 

The  taxa  restricted  to  the  southern  part  of  the  transect  near  the  Yukon 
River  appear  first,  while  taxa  with  an  optimum  in  the  coastal  region  near 
Prudhoe  Bay  appear  last  within  their  major  growth  form  categories.  Several 
types  of  taxa  distribution  can  be  recognized  among  the  taxa  plotted  for 
this  report. 

Taxa  with  an  optimum  within  the  forested  part  of  the  transect 
which  do  not  occur  north  of  the  treeline  on  the  south  slope  of  the 
Brooks  Range.  This  group  includes  all  trees  (Picea  mariana,  Betula 
papyrifera,  Populus  balsamifera,  Populus  tremuloides , Picea  glauca) 
and  two  other  taxa  (Rosa  acicularis , Ledum  palustre  ssp.  groenlandicum) . 

Wide-ranging  taxa  with  an  optimum  in  the  forested  region  and  a 
secondary  optimum  in  the  northern  foothills  of  the  Brooks  Range,  and 
with  a gap  in  the  Brooks  Range  (Alnus  crispa,  Rubus  chamaemorus , Vaccinium 
vitis-idaea.  Ledum  palustre  ssp.  decumbens , Cetraria  cucullata  in  part) . 

Wide-ranging  taxa  with  an  optimum  north  of  the  Brooks  Range,  a 
secondary  optimum  south  of  the  Brooks  Range,  and  a gap  in  the  Brooks  Range 
(Eriophorum  vaginatum,  Rhododendron  lapponicum) . 

Taxa  limited  to  the  Brooks  Range  (Dryas  octopetala) . 

Taxa  with  an  optimum  in  the  Brooks  Range  and  on  the  coastal  plain 
(Salix  reticulata , Dryas  integrifolia) . 

Taxa  with  an  optimum  in  the  Brooks  Range  and  in  its  northern  foothills 
(Dactylina  arctica) . 

Taxa  with  an  optimum  on  the  coastal  plain  (Eriophorum  angustifolium) . 
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Figure  3 ( aont ’d) 


Progress 


The  sites  were  visited  and  photos  taken  to  document  visual  changes. 
However,  most  changes,  such  as  those  involving  relative  abundance  of 
lichens  and  mosses  due  to  dusting  or  flooding,  are  subtle  and  it  will 
be  several  years  before  they  manifest  themselves  and  thus  become  fully 
documented.  We  will  revisit  all  the  vegetation  transect  lines  when  the 
disturbances  have  become  more  fully  expressed. 


Subproject  3 

Expansion  of  the  map  and  permanent  quadrat  coverage  by  ten  more 
sites . 

Objective 

Continue  mapping  representative  vegetation  and  landforms  along 
the  Haul  Road. 

Progress 


During  the  1976  and  1977  field  seasons  17  areas  were  mapped  along 
the  transect  from  Prudhoe  Bay  to  the  Yukon  River.  These  sites  are  a 
sample  of  the  total  spectrum  of  vegetation  communities  found  in  the 
region  and  will  provide  a reference  point  for  future  botanical  studies 
along  the  TAPE  route.  An  attempt  has  been  made  to  include  as  many 
different  community  types  as  possible  with  an  aim  toward  an  eventual 
detailed  classification  scheme  for  the  vegetation  of  the  entire  region 
of  the  pipeline  corridor  north  of  the  Yukon  River.  The  maps,  in  con- 
junction with  the  relev^s  of  the  "mile-by-mile"  inventory  and  the  suc- 
cessional  studies,  will  be  a good  base  for  such  a classification. 

Table  3 summarizes  the  communities  from  all  17  sites  thus  far  mapped. 
Each  map  is  accompanied  by  a vegetation  key  and  a brief  description  of 
the  vegetation  at  the  site.  Each  location  is  shown  on  the  appended  set 
o f maps . 

Explanation  of  map  codes 

Each  map  unit  is  based  On  the  following  coded  information.  These 
codes  have  been  combined  into  units  as  illustrated  in  Figures  5-10. 
Details  of  the  mapping  approach  are  reported  in  Everett  et  al . (1978). 

Relief  feature 


1.  Featureless  or  non-aligned  sedge-moss  hummocks 

2.  Low-center  polygons 

3.  Aligned  hummocks  or  strangmoor 
k.  Frost  boils 

5.  Gmail  ridge,  or  hill 

6.  River  or  creek  bluff 
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Table  3.  S 
tation  maps 

Site  Nome 

A.  Prudhoe  Bay- 
Coastal  Site 


B.  Prudhoe  Bay- 
Sand  Dunes  Site 


C.  Franklin  Biuffs- 
North 


D.  Franklin  Bluffs- 
Oil  Spill  Site 


E.  Sagwon  Upland 


F.  Toolik  Upland- Road 
Effects  Stuuy  Site 


G.  Toolik  Upland- 
South 


immary  of  vegetation 
along  the  Haul  Road 


communities  appearing  on  the 
north  of  the  Yukon  River. 


17  vege- 


Vegetation  Communities 

1.  DRY  Cochlcariopsis  groenlandica  asp.  arctica-Puccincllia  phryganodes  SPARSELY  VEGETATED  BEACH 

2.  DRY  Salix  rotundi fol ia-Ochrolcchla  friqida  PROSTRATE  WILLOW  HEATH 

3.  MOIST  Carex  bigelowii-Qchrolcchla  friqida  FROST  ACTIVE  TUNDRA  COMPLEX 

4.  MOIST  Duron tia  fisheri -Cochlcariopsis  groenlandica  ssp.  arctica  SALINE  GRASS-FORB  MEADOW 

5.  MOIST  Carex  aquatilis-Saiix  planlfolia  ssp.  pulchra  SEDGE  MEADOW 

6.  MOIST  Carex  aquatilis-Salix  planlfolia  ssp.  pulchra;  WET  Carex  aquatil is-Eriophorum 

angustifolium  MEADOW  COMPLEX 

7.  WET  Carex  subspathacea-Puccinellla  phryganodes  SALINE  SEDGE  MEADOW 

8.  VERY  WET  Arc tophi la  fulva  SHALLOW  MARSH 

1.  DRY  Leymus  mollis  ssp.  villosisslmua  SPARSELY  VEGETATED  ACTIVE  SAND  DUNE  COMPLEX 

2.  DRY  Salix  ovalifolia-Artomisia  borealis  SPARSELY  VEGETATED  SANDY  n.ATS 

3 . DRY  Dryas  in tegri folia- Artemisia  borealis  DRYAS  HEATH 

4.  WET  Carex  aquatilis-Dupontia  fisheri  SEDGE  MEADOW 

5.  WET  Carex  aquatilis-Dupontia  f i sheri;  DRY  Carex  aquatil is -Dryas  integr ifolia  LOW-CENTER 

POLYGON  COMPLEX 

6.  VERY  WET  Dupont la  f isheri-Carex  aquatil is  SHALLOW  MARSH 

7.  VERY  WET  Arctophila  fulva  DLEP  MARSH 

1.  DRY  Dryas  integrifolia-Arctous  alpina  ssp.  rubra  PROSTRATE  SHRUB  HEATH 

2.  DRY  Hedysarum  alpinam  ssp.  amcricanum-Artemisia  arctica  SPARSELY  VEGETATED  GRAVEL  BARS 

3.  DRY  Salix  alaxcnsis-Arctous  alpina  ssp.  rubra  DWARF  SHRUB  RIVER  TERRACFS 

4.  MOIST  Carex  bigelown -Dryas  integrifolia  TUSSOCK  MEADOW 

5.  MOIST  Salix  lanata  usp.  r ich^rdsonii -Dryas  ir.tcgrifol ia  DWARF  SHRUB  SNOWBANK 

6.  WET  Carex  aquatil ls-Drcpanocladus  brevifolius  SEDGE  MEADOW 

7.  WET  Car».x  aquatil  is -Dr  opanocladus  brevifolius;  DRY  Dryas  integrifolia-Arctous  alpina  ssp. 

rubra  LOW-CENTER  POLYGON  COMPLEX 

3.  WET  Carex  aquatil is -Drepanocladus  brevifolius;  MOIST  Carex  bigclowii -Dryas  integrifolia 
COMPLEX  (Low-center  polygons  and  aligned  hummocks) 

9.  VERY  WET  Carex  aqua til ls-Scorpidium  scorpioides;  MOIST  Carex  bigclowii-Dryas  integrifolia 

LOW-CENTER  POLYGON  COMPLEX 

1.  DRY  Dryas  integrifolia-Arctous  alpina  ssp.  rubra  PROSTRATE  SHRUB  HF.ATM 

2.  DRY  Salix  alaxensis-Astragalus  alpinus  ssp.  alpinus  SPARSELY  VEGETATED  GRAVEL  BAPS 

3.  DRY  Salix  glauca-Arctous  alpina  ssp.  rubra  JWART  SHRUB  RIVER  TERRACLS 

4.  MOIST  Eriophorum  angust ifolium- Dryas  integrifolia  SEDGE  DWARF  SHRUB  MFADOW 

5.  MOIST  Salix  lanata  ssp.  richardsonii-Carcx  aguatilis  DWARF  SHRUB  RIVER  TLRRACI'S 

G.  WET  Eriophorum  angust ifolium-Drepanocladus  brevifolius;  MOIST  Erio;  hor  am  9 n gust l fol iu" - 
Dryas  integrifolia  COMPLEX  (Low-center  polygons,  strangmoor , etc.) 

7 . VERY  WET  Carex  aquatilis-Eriophorum  angustifolium  SHALLOW  MARSH 

8.  VERY  WET  Arctophila  fulva-Scorpidium  scorpioides  DEEP  MARSH 

1.  MOIST  Erioohorum  vaginatum-Betula  nana  ssp.  exills  TUSSOCK  DWARF  SHRUB  UI LAND  MEADOW 

2.  MOIST  Betula  nana  ssp.  cxilis-Vaccinium  uliginosum  DWARF  SHRUB  HIGH  CENTLI  POLYGONS 

3.  VERY  WET  Carex  aquat ilis-Comarum  palustre;  WET  Salix  planlfolia  ssp.  pulchra-Sphagnum 

Sp . MEADOW  COMPLE X 

4.  VERY  WET  Menyanthes  trifoliata-Coptidium  pallasii  DEEP  MARSH 

1.  DRY  Casslope  tetragona  ssp.  tetragona-Rubus  chamaemorus  DWARF  SHRUB  SNOWBANK 

2.  DRY  Betula  nana  ssp.  exilis-Vaccinium  uliqinosum;  WET  Eriophorum  schouchzcr l-Carcx 

aguatilis  HIGH-CENTER  POLYGON  COMPLEX 

3.  MOIST  Eriophorum  vaginatum-Betula  nana  ssp.  exilis  TUSSOCK  DWARF  SHRUB  UPLAND  MEADOW 

4.  MOIST  Eriopiorum  vaginatum-Betula  nana  ssp.  exilis;  WET  Eriophorum  schcuchxer i-Car< x 

aguatilis'  HIGH-CF.NTER  POLYGON  COMPLEX 

5.  MOIST  Salix  planlfolia  ssp.  pu lchra-Nardosmia  frigida  DWARF  SHRUBLAND 

G.  MOIST  Betula  nana  ssp.  exills-Salix  planifolia  ssp.  pulchra;  DRY  Betula  nana  ssp.  exilis- 
Vaccinium  uliginosum;  WET  Eriophorum  scheur.hzeri -Carex  aguatilis  DWARF  SHRUB  BOG  CO’.  i.EX 

7.  MOIST  Eriophorum  angustifolium-Nardosmla  frigida  SEDGE-FORB  MEADOW 

8.  WET  Eriophorum  schcuchzeri-Carcx  aguatilis  SEDGE  MEADOW  (Flat  areas  and  shallow  drainage 

channels) 

9.  WET  Eriophorum  scheuchzcrl-Carox  aguatilis;  WET  Betula  nana  S9p.  cxilis-Sphagnum  sp.  BOG 

COMPLEX  (Aligned  and  non-aligned  hummocks) 

1.  DRY  Arctous  alpina  ssp.  alplni-Dryas  octopetala  PROSTRATE  SIIRUB  HEATH 

2.  DRY  Cassiope  tetragona  ssp.  t tragona-Vaccimum  vi tis-idaca  ssp.  minus  DWARF  SHRUB  SNOWBED 

3.  DRY  Arctous  alpina  ssp.  alpina-Dryas  octopetala;  J OIST  Carex  bigclowii -Betula  nana  , ,»>. 

exilis  .’ .EADOW  COMPLEX 

4.  DRY  Umhilicaria  sp. -Rhisocarpon  sp.  LICHEN  COVERED  ROCKS 

5.  MOIST  Bet a la  nana  ssp.  exilis-Festuca  altaica  SHORT  SHRUB  CREEK  DANES 

G.  MOIST  Carex  biqclom-Bctula  iiona  ssp.  exilis  TUSSOCK  DWARF  SHRUB  :.LADOW 

7.  SOIST  betula  i.diia  ;sp.  exi  1 is-Eestuca  alt.u-  •;  DI  Y Umbi  1 icar i a np. -l»Hi ’ocareon  ~p.  v»  y*r 

COMPI.EX 
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Table  3 (cont'd).  Summary  of  vegetation  communities  appearing  on  the  17 
vegetation  maps  along  the  Haul  Road  north  of  the  Yukon  River. 


Sit»-  Nut-.-  Vogotation  Communit ies 

U.  .vf  T Be t u 1 ■ i nana  s.p.  cxi  l i hiqnum  sp.  Di.' SHRUB  V 

).  WET  Dctul  n.ina  s-  i-xi  1 it;-:  • gaqnum  sp. ; WET  Eriophorum  dn.justifulimn-Carcx  chordorrhiza 
COMPLEX  (Hummock  / hillside!*) 

10.  WET  Er lophorum  ana  r.t 1 folium-',  irex  chordorrh iza  SLDCL  MEADOW 

H.  Atigun  Riv'-r-  1.  DRY  Salix  glauca- A rctous  alpina  sr.p.  rubra;  DRY  Equ  iso  turn  arvenso-Chamcr ton  latifol  lun 

ACTIVE  SAND  dun;  ( HP  LE  X 

2.  DRY  Chumt-r  ion  jati ; 1 i ir  SPARSELY  VEGETATED  RIVER  BLUFF'D 

t.  dry  Dryas  octopet.  i »-Arctous  alpina  sep.  rubra ; Tomcnti  y>num  ni tens -Car ex  biqolowli  ITABILI2 
SAND  DUDE  COMP Ll  /. 

■\ . MOIST  Car  ox  biqel<  wjj-Dryas  o'  tope tala  TUSSOCK  Ml  VvDOW 

MOIST  Top ■ nthypnuh  n 1 t<  n .-Car  >:  biqolowii;  MOIST  Carox  bigelowii-Urya-.  oct o j otala  AM  .MED 
HUMMOCK  COMPLEX 

G.  MOIST  Salix  lanata  • [ . r lchirdsonii-Equis*  turn  arvonra-  SHORT  SHRUB  RIVER  BAN' 

7.  WET  C&rcx  aquati  1 1 *;-:>r  epmocl  .du3  rcvolvcnc;  MOIST'  Carox  bitjclowi  i -Dryaa  oc  tope  tala  LOW-CENTL’R 
POLYGON  COMPLEX  ' 

b.  WET  C rox  iquatil is-Er lophorum  angustifol ium  SEDGE  MEADOW 

I.  At  i 1 1-  ' iv  - I.  DRY  Dryas  Pctopotala-C.-rox  microchaota  ssp.  micjrocluu  t.i  DRYAS  SEDGE  MEADOW 

...  . 2.  DRY  Ca-.sio)  tntr.ig- ■•■■a  sup.  t.  traqona-Cotrana  richard  ;onli  DWARF  S11RUR  LICHEN  SKCWBL’D 

J . DRY  Sa  1 1 x 1 auca-Di  y octof'tala  DWARF  Slif-UBLAWD 

4.  DRY  Sal  ix  >;  auca-L:  i-tru  i ear  -.n  l ssp.  iiennaphroditun  MEDIUM  1IEI'  HT  SHRUB  TALD'S  SLOP: 

j . DRY  Salix  q . auca-Rhy~t~i  d i~n  rugosum  MEDIUM  SI  XGIIT  SHRUB  FLOOD  PLA 1 : J 

G.  DRY  Umbilic  ria  sp . -Klu.-.ocarpon  sp.  LICHEN  COVERED  TALUS  SLOPE 

7.  MOIST  Brtul  > nana  S’.j  . < :i  1 i:.-H  trdosmia  fr  iqida  DWARF  SHRUB  LAND 

>>.  MOIST  Sa  1 i planifol  la  pulchra-Equisctum  arvonjh.’  DWARF  SHRUB  AI.'.'JVIAL  FANS 

0.  ::OIST  Carox  biqc-lo'.  i i -Tononthvpi  um  nitons  TUSSOCK  MEADOW 

10.  MOIST  Sal  ix  ala ixcn  i '.-Equisctum  arvensu  MEDIUM  HEIGHT  SHRUB  ALLUVIAL  FANS 

11.  WET  Carox  ,i  [uatili  -Catrnylium  stel latum  SEb'.|>FORB  MEADOW 

12.  VERY  WET  C'a  'x  aqu.it  il  i n-Scorpid  ium  scorpio  ides ; MOIST  Carox  biqrlowi  l-Tnnenthypnum  ni'nir; 

ALIGNED  n MMO(  K ( 1PL1  x 

J.  Diotri'  h : Ivor-  1.  DRY  Saxlfrara  tricunpidata-Artcmisia  arctica  SPARSELY  VEGETATED  SCREE  SLOPES 

Trcoiitf  2.  DRY  Bctul  > r ina  sr;;».  cnl  is-Clationia  rangi  fcrlna  MEDIUM  HEIGHT  SHRUB  LAND 

J.  DRY  Caasiopr  totragona  sop.  tetragona-Cotr.  r ia  cucul lata  DWARF  SHRUB  LICHLN 
SNOWBEDS 

1.  DRY  Populur  bals^mi f^ra  sap.  balsamifcra-Shopherdia  canadensis  SHRUB  DECIDUOUS  FOPEST  ( RAVEL 
BARS 

rj.  DRY  Picea  qlauca-Bctula  nana  sap.  cxilis  SHRUB  LICHEN  WOODLAND 
G.  ".01  ST  Carcx  oigelowi  t -V  tccinium  uliqinosum  TUSSOCK  DWARi'  SHRUB  MEADOW 
7.  MOIST  Equine turn  art'  \>-.<  -Calamaqrostis  canadensis  SPARSELY  VEGETATED  MUD  FLOW 
B.  .".01  ST  Betula  qlandulob  i-Sal  ix  [ lam  folia  sr.p.  pulchra  DWARI'  SHRUBLAND 

).  '.OIST  Carox  bigelowi  l-Vaccimuin  ul iqinoaum;  MOIST  Ainu*;  viridis  ss[j.  or  1 spa -Carox  biqelowii; 

WET  Er iQ[  bor u.71  ar.q  ist  i fol iun-Carex  aquatilis  TALL  SHRUB  MEADOW  COMPLEX 

10.  '.GIST  Alnus  vir  ldis'  v.p.  crispa  TALL  SHRUB  THICKETS 

11.  MOIST  Picea  qlauca-F:npctrun  oamoali  ssp.  hermaphrodituw  DWARF  SHRUB  LICHEN  CONIFEROUS  FOREST 

12.  MOIST  Picoa  glauca-S  il  ix  lar.ata  ssp.  richardr;oni  i 

1.  DRY  Salix  alaxensia-Shepherdia  canadensis  SPARSELY  VEGETATED  GRAVEL  CUTWASH 

2.  DRY  Picea  glauca- Dryas  inteqr l fol  ia ; MOIST  Picea  gla -ica-Betula  gl.mdulosa  COL* IF:,. POL’S  FOiCiST 
COMPLEX 

3.  MOIST  Picea  glauca-Betula  qlandulosa  SHRUB  WOODLAND  (Small  ice-cored  mounds) 

4.  MOIST  Picea  glauca- f.nophorun  vaglnatum  TUSSOCK  WOODLAND 

5.  MOIST  Eriophoruro  vagina tum-Betula  qlandulosa  TUSSOCK  DWARF  SHRUB  MEADOW 

G.  MOIST  Picea  glauca-Betula  qlandulosa;  WET  Baeothryon  caespitosum-T t lq loch  in  palu3tro  COMPLEX 
(Meadows  and  ice-cored  mounds) 

7.  WET  Baeothryon  caespitosum-Tr iglochin  palustre;  MOIST  Kobrosia  slmpl lc luscu la- Dryas  lnteRrlfolla 
COMPLEX  (Non-al lgricd  hummocks  and  small  icc-corcd  mounds) 

B.  MOIST  Salix  lanata  ssp.  rlchardsonii-Carex  aquatilis;  WET  Carox  rotunda ta-Carcx  aquati lis 
STREAMS IDE  COMPLEX 

9.  VERY  WET  Carex  aquati lis-Menyanthes  trifoliata  SHALLOW  MARSH 

10.  WET  Baeothryon  caespitosum-Tr  iglochin  palustre;  VF.RY  WET  Carox  aquati  1 is-Meny.-inthos  trifoliata 
MEADOW  MARSH  COMPLEX 

11.  VERY  WET  Hippuns  vulgar li-Potamogeton  gramlncus  DEEP  MARSH 

L.  Sukakpak  Mountain-  1.  DRY  Salix  alaxensi s-Hcdysarum  alpinum  ssp.  amcricanum  MEDIUM  HEIGHT  SHRUB  GRAVEL  BARS 
South  2.  DRY  Picea  glauca-Pctula  qlandulosa  DWARF  SHRUB  WOODLAND 

3.  DRY  Picea  qlauca-Dryab  inteqrifolia  DWARI'  SHRUB  WOODLAND 

4.  MOIST  Picea  glauca-F.r tophorum  vaglnatum  TUSSOCK  DWARI'  SHRUB  WOODIJVND 

5.  MOIST  Picea  glauca-Alnua  vir idis  ssp.  crispa  CONIFEROUS  FOREST 
G.  WET  Betula  glandulor.a-Carex  naxatills  ssp.  laxa  SHALLOW  MARSH 


K.  Sukakpi  . Mountain- 
let -cor  *d  mound 
site 
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Site  N.vic 

M.  Wiseman  Vicinity 


N.  South  of 
Coldfoot 


0.  ringer 
Mountain 


P . No  r.  me 
Creek 


Q.  Pay  River 
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Table  j (cont'd). 


Vegetation  Coen' initles 

1.  DRY  Picea  marlana-B- •». ula  pa^yrifera-Cladoma  arbuscula;  MOIST  Pic ea  maria : . ; - Iv  t n i • ,Iyrifera 

Vac c in l urn  uligino  . nr  COMPLEX  ’ * 1 1 

2.  MOIST  Picea  mar lana-vacclnium  ullqlnoeum;  MOIST  Betula  papyr ifer a- Rosa  < . . 

(Steep  river  bluff) 

3.  MOIST  Picea  mar iana-Alnu»  yirldis  tap.  crlspa  TALL  S' " un  CONIFEROUS  TORES" 

4.  WET  Lriopnorum  vaqinatum-Bct  ila  glandulosa  TUSSOCK  i BOG 

5.  WET  Plcca  munana-tf  lophorur  vagina  turn  TREED  TUSSOCK 

i*  DRY  Betula  apyrlfera-Arctoetaphylos  uva-ur si  LICHEN  DWARF  SHRUB  COIIFLRO'.'  *»  - ;;v. 

2.  MOIST  Pice,  mar  lana  - ctula  p«j;  yr  1 f era  - Vacc  ■ ■>  mm  u.  ig . rov  jr  : ; r.i  h : ■ 

PFCIDUOU'  FOREST 

3.  MOIST  Picea  mar  lana -Vacc  in  ium  ullqlnosura  DWARF  SHi"JB  CONIFEROUS  FOE . ST 

4.  .MOIST  Picea  manar.a- Lr  lophorun  vaginavim  TREED  TU5  SOCK  BOG 

5-  MOIST  Pice.-  maria-  TREED  SPHAGNUM  B ■ 

6.  WET  Betula  nana  ssp.  exilis-Er lophorun  vagina turn  TUSSOCK  SHRUB’-AND  i 

7.  VERY  WET  Cl  rex  1 imos u - Dr  .panv.  i adus  brevifoliuft  SHALLOW  MARSH  1 

8.  VERY  WET  Q_  rex  aquati  1 is -Conor  im  pa  lustre  SHALLOW  MARSH  | 

1.  DRY  Umb ill-  irla  ap.  -Parmel  la  • . LICHEN-CO'  ' RED  T r •*•.:  fi-  ■ r i ; 

2.  DRY  Clador.  » alpestr  i s-Arctous  alpina-tsp . rubra  ' I CM!  I I ' 

3.  DRY  Picea  >p.  -Betula  papyr  If  era-Bctula  ql..ndulo».i  smk  H ::  »>•  \ m:  '■!.  r - n:e  ero-'S-:  f 

rOPLST 

4.  DRY  Betula  >apynfera-Cladoma  alpestrle  L CHEN  BBCIOUOUi  MQQ&UtfB 

5.  DRY  Betula  papyrifer  i-Bet ula  glandulosa  sh  b LICHEN  ' E' id v >:  jin: 

it.  MOIST  Ainu*,  v 1 r i d 1 9 ss;  . ensr  i-Carex  bi  q«- . wi. . inq  i f ina-1  iwcmorc  is 

FROST  BOIL  COMPLEX 

7.  MOIST  Picea  spp. -Betula  papyr : fera  MIXED  C' NIFERC  S-DI/ IDUOUS  FORE  r 

8.  MOIST  Betula  qlandulusa-Sal  ix  planifolla  s p.  pule  hr  a MEDIUM  HLI  .H.  SHPUBLA?.*D 
).  MOIST  Picco  mariana-Carex  bigolowii  SEDGE  ' HPUB  SUBALP IKE  WOODLAMD 

ID.  WET  Salix  j I amfol  la  a s p . pulcr.ra- Sphagnum  TALL  SHRUB LAND  (Drainage*} 

1.  DRY  Picea  qlauca-Bc-tula  papyr l fera-Empetrur  eamesii  asp.  h-  rmaphrod i t urn  DWARF  SHRUB 

MIXED  CONIFEROUS-DLCIDUOUS  WOODLAND 

2.  MOIST  Picea  glauca-Equisetum  pratense  DWARF  SHRUB  CONIFERO’  S FOREST 

3.  MOIST  Picca  spp.-L  -nnus  arcticus  DWARF  SHRUB  CONIFEROUS  FOREST 

4.  MOIST  Picea  marlan.-C) adonia  r unqiferina  LICHEN  WOODIAND 

5.  MOIST  Picea  mar iana- Vacc im um  vitls-idaea  ssp.  minus  DWARF  SHRUB  CONIFEROUS  FOREST 

G.  MOIST  Picea  mar iana-Betula  nana  ssp.  exilis  DWARF  SHRUB  TREED  BOG  * 

7.  MOIST  Salix  planifolia  ssp.  pulchra-Tomenthypnum  nl tens  TAIL  SIIPUBI.AND  (Drainage-.) 

8.  WET  Picea  nariana-Pphagnum  op.  TPXED  BOG  ( 

9.  WET  Eriophorum  vaginatum-Chamacclaphne  calyculata  TUSSOCK  DWARF  SHRUB  BOG  j 

10.  WET  Picea  par lana-Lr lophorum  vaginatum  TREED  BOG 

11.  VERY  WET  Carcx  rostrata-Comarum  palustre  SHALLOW  MARSH 

12.  VERY  WET  Nuphar  polyscpalum  DEEP  MARSH  , 

1 . DRY  Chamerion  latifol ium-Castille ja  caudata  SPARSELY  VEGETATED  GRAVEL  BARS 

2.  DRY  Populus  balsamifera  ssp.  balsam! f era-Shepherdla  canadensis  SHRUB  DECIDUOUS  FOREST  ‘ 

3.  DRY  Populus  tremula  ssp.  tremu loides-Arctostaphylos  uva-urr.i  DWARF  SHRUB  DECIDUOUS  FOREST 

4.  DRY  Picea  mariana-Ectula  papyr l fera-Cladoma  arbuscula  LICHEN  MIXED  CONIFEROUS-DECIDUOUS 

FOREST 

5.  MOIST  Picea  glauca-Betula  papyrifera-Vaccinium  vitis-idaca  ssp.  minus  DWARF’  SHRUB  MIXED 

CONIFEROUS-DECIDUOUS  FOREST 

6.  MOIST  Plcca  glauca-Vaccinium  vitle-idaea  ssp.  minus  DWARF  SHRUB  CONIFEROUS  FOREST 

7.  MOIST  Picca  qlauca-Rosa  aclcularle  DWARF  SHRUB  CONIFEROUS  FOREST 
0.  WET  Picea  mariana-Sphagnum  sp.  TREED  SPHAGNUM  BOG 
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7.  Land  dunes 

8.  Closely  spaced  large  rocks 

9.  Scattered  large  rocks 

10.  High-center  polygons 

11.  Irregular  microrelief 
IP.  Colifluction  lobes 

13.  Thermokarsted  polygon  troughs 
1)4.  Mixed  polygons 

19.  beach  sand  sometimes  mixed  with  peat  blocks 

16.  Scattered  peat  blocks 

17.  Flat  or  weakly  defined  polygons  (includes  the  reticulate 

pattern  of  Everett  et  al . 978) 

18.  Discontinuous  polygon  rims 

19.  Pingo 

DO.  Tor,  large  granitic  rock  outcrop 

21.  Stream  bottom  with  boulders 

22.  Ice-cored  mounds  (especially  as  at  Sukakpak  Mountain) 

W1 . Lake 

Height  of  microrelief  feature 

1.  Less  than  25  cm 

2.  25  to  50  cm 

3.  Greater  than  50  cm 

Estimated  slope  class 


5-30°  also  shown  by  AAA  in  areas 
> 30 J too  narrow  to  map 

Other  codes 


0. 

1. 

2. 

3. 


Location  of  vegetation  description 
Location  of  lOxlO-m  vegetation  plot 

D'-srription  of  the  vegetation  at  the  Ray  River  site 

This  site  (Fig.  5)  is  located  15  km  north  of  Five-Mile  Camp  along  a 
stretch  of  road  which  overlooks  the  meandering  Ray  River.  The  region  is 
characterized  by  steep  hills  with  mixed  spruce  and  deciduous  forests. 
Some  areas  have  extensive  aspen  stands.  The  pipeline  is  located  just 
east  of  the  eastern  boundary  of  the  map  and  is  supported  on  VSM' s 
through  most  of  this  section. 

The  southwest  portion  of  the  mapped  area  consists  of  a steep  slope 
which  drops  to  the  terraces  of  the  Ray  River.  Vegetation  on  this  slope 
consists  of  dense  Picea  glauca  with  scattered  Betula  papyrifera.  The 
understory  is  dominated  by  Vaccinium  vitie~idaea,  GeoaauLon  lividum. 
Ledum  groenlandicum,  Mertensia  panicu.la.ta,  and  Ilylocomium  alashanum. 
Among  the  highest  terraces  of  the  river  there  are  large  Picea  glauca. 

Ul» 


Legend  for  Ray  River  Site 


DRY  chamerion  latifolium-Castilleia  caudata  SPARSELY  VEGETATED  GRAVEL 
BARS.  

Chamerion  latifolium,  Castilleia  caudata.  Galium  boreale  ssp. 
septentr ionale , Aster  sibir icus  ssp.  subintegerrimus,  Hedysarum 
mackenzei , Hedwiqia  ciliata. 


DRY  Populus  balsamifera  ssp.  balsamifera-Shepherdia  canadensis  SHRUB 
DECIDUOUS  FOREST  (Gravel  river  terraces) . 

Medium-dense  to  dense  medium-sized  ( 5-15  cm  dbh)  Populus  balsamifera. 
Understory:  Shepherdia  canadensis.  Picea  glauca,  Geocaulon  lividum, 
gaiiumboreale  ssp.  septentrionale.  Aster  sibiricus  ssp.  subintegerrimus, 
— stilleja  caudata,  Hedysarum  mackenzei,  Chamerion  latifolium,  Saxifraqa 
tr icuspidata , Hedwigia  ciliata,  Drepanocladus  uncinatus . 

DRY  Populus  tremula  ssp.  tremuloides-Arctostaphylos  uva-ursi  dwarf  shrub 
DECIDUOUS  FOREST.  

Medium-dense  to  dense  medium-sized  (5-15  cm  dbh)  Populus  tremula  sso. 
tremuloides.  

Understory:  Arctostaphylos  uva-ursi,  Geocaulon  lividum,  Galium  boreale 
S®P-  septentrionale , Anticlea  elegans,  Picea  glauca,  Vaccinium  vitis- 
idaea  ssp.  minus,  Chamerion  platyphyllum,  Antennaria  sp. , Viburnum  edule, 
Rosa  aciculans , Aster  sibiricus  ssp.  subintegerrimus,  Cladonia  nwidat-a 
Peltiqera  canina.  “ 


DRY  Picea  mar iana-Be tula  papyri fera-Cladonia  arbuscula  LICHEN  MTXFn 
CONIFEROUS-DECIDUOUS  FOREST.  

Picea  mariana  dominant  with  Betula  papyri f era  and/or  Populus  tremula 
ssp.  tremuloides . — 


Medium-dense  to  dense  small  (less  than  5 cm  dbh)  trees. 


Medium-dense  to  dense  medium-sized  (5-15  cm  dbh)  trees. 


Understory:  Cladonia  arbuscula,  C.  rangiferina,  Vaccinium  vitis-idaea 
ssp.  minus , ^edum  palustre  spp.  decumbens , Geocaulon  lividum, 

Vaccinium  uliginosum,  Hylocomium  splendens,  Peltiqera  spp . . Cladonia 
gracilis . 


MOIST  Picea  glauca-Betula  papyr if era -Vaccinium  vitis-idaea  ssp.  minus 

DWARF  SHRUB  MIXED  CONIFEROUS-DECIDUOUS  FOREST.  

Scattered  to  medium-dense  large  (greater  than  15  cm  dbh)  Picea  glauca 
dominant  with  scattered  medium  sized  Betula  papyrifera ■ 

Understory:  Vaccinium  vitis-idaea  ssp.  minus , Mertensia  paniculate , 

— °.^£  acicular is , Geocaulon  lividum,  Ledum  groenlandicum.  Hylocomium 
splendens,  Cladonia  spp. , Peltiqera  aphthosa. 


MOIST  Picea  mariana -Populus  tremula  ssp.  tremuloides  MIXED  CONIFEROUS- 
DECIDUOUS  FOREST. 

Picea  mariana  dominant  with  scattered  Populus  tremula  ssp.  tremuloides. 
Scattered  to  medium-dense  large  (greater  than  15  cm  dbh)  trees. 
Understory:  Mixed  or  unspecified. 
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MOIST  Picea  glauca -Vaccinium  vitis-idaea  ssp. 

CONIFEROUS  FOREST. 

Dense  medium-sized  (5-15  cm  dbh)  Picea  glauca. 

Understory:  Vaccinium  vitis-idaea  ssp.  minus,  Mertensia  paniculata , 

Rosa  acicular is , Ledum  groenlandicum , Hylocomium  splendens , 
Drepanocladus  uncinatus , Cladonia  spp. , Peltigera  aphthosa ■ 


MOIST  Picea  glauca  FOREST. 

Scattered  to  medium-dense  large  (greater  than  15  cm  dbh)  Picea  glauca. 
Understory:  Mixed  or  unspecified. 


MOIST  Picea  qlauca-Rosa  acicularis  DWARF  SHRUB  CONIFEROUS  FOREST. 

Dense  large  (greater  than  15  cm  dbh)  Picea  glauca. 

Understory:  Rosa  acicularis,  Viburnum  edule,  Alnus  viridis  ssp.  crispa 

Equisetum  arvense , Linnaea  borealis , Mertensia  paniculata , Moneses 
uniflora,  Pyrola  asarifolia,  Boschniakia  rossica,  Hylocomium  splendens, 
Dicranum  sp. , Ptilidium  ciliare,  Cladonia  deformis. 


WET  Picea  m»r iana-Sphagnum  sp.  TREED  BOG. 

Scattered  to  medium-dense  small  (less  than  5 cm  dbh)  Picea  mariana. 
Understory:  Sphagnum  spp.,  Vaccinium  vitis-idaea  ssp.  minus , Ledum 

palustre  ssp.  decumbens , Rubus  chamaemorus , Alnus  viridis  ssp.  crispa, 
Equisetum  arvense , Er iophorum  vaginatum,  Carex  bigelowii  ssp.  bigelowii 
Arctagrostis  latifolia,  Salix  planifolia  ssp.  pulchra,  Vaccinium 
uliqinosum,  Chamaedaphne  calyculata,  Oxycoccus  microcarpus , Nardosmia 
frigida,  Hylocomium  alaskanum. 


WET  Salix  spp.  THICKETS. 

Dense  tall  (greater  than  3 m)  Salix  spp. 
Understory:  Mixed. 

WATER 


DISTURBED 


INTERMITTENT  STREAM 


CLEARED  TRAIL 


ROAD 
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Some  trees  have  diameters  at  breast  height  exceeding  60  cm.  The  under- 
story in  this  area  consists  mainly  of  Rosa  acicularis , Linnaea  borealis , 
Ribes  triste , Equisetum  arvense,  Mertensia  panioulata , and  Hylocomium 
alaskanum.  This  type  of  forest  also  extends  up  two  small  drainages 
which  run  from  east  to  west  across  the  mapped  area.  Also  on  the  lowest 
terrace  there  is  a boggy  area  with  small  Pioea  mariana , Sphagnum  spp., 
Chamaedaphne  calyculata,  Rubus  ohamaemorus , Oxy coccus  microcarpus , and 
Carex  bigelowii.  This  same  association  with  Ch.amaedaphne  absent  is 
also  found  on  some  hillsides  in  areas  which  have  apparently  been  burned. 

Lower  terraces  of  the  river  have  dense  willow  thickets  and  the 
vegetation  on  a small  gravel  bar  is  dominated  by  Populus  balsamifera. 

A large  area  of  aspen  trees  is  located  on  a steep  southwest-facing  slope 
in  the  southern  half  of  the  map.  The  understory  for  this  forest  type 
consists  mainly  of  Arctostaphylos  uva-ursi , Geocaulon  lividum , Galium 
boreale , and  Zygadenus  elegans. 

Fire  has  played  a large  role  in  the  region.  The  central  portion  of 
the  map  is  located  on  a broad  hilltop  which  has  been  burned.  Medium- 
sized (5-10  cm  dbh)  Picea  mariana  and  Populus  tremuloides  forest  with  a 
rich  lichen  understory  covers  most  of  this  area.  The  area  north  of  a 
small  drainage  (culvert  no.  873+28)  has  a very  similar  forest,  but 
Betula  papyri f era  occurs  instead  of  aspen.  Another  similar  forest 
occurs  in  the  southeast  corner  of  the  map. 

The  main  disturbance  in  this  area  is  associated  with  the  extensive 
fills  and  cuts  necessary  for  construction  of  the  road.  These  areas  have 
been  revegetated  and  are  becoming  well-stabilized.  There  is  also  a 
cleared  trail  which  parallels  the  road  about  50  m east  of  the  road  in 
the  southern  half  of  the  map. 

Description  of  the  vegetation  at  the  Finger  Mountain  site 

This  site  is  located  11.7  km  south  of  Old  Man  Camp  (Fig.  6).  The 
area  is  located  approximately  at  treeline  and  contains  forested  areas,  a 
suoalpine  band  of  tree  islands  and  a dry  upland  with  widely  spaced  alder 
shrubs.  There  are  also  three  large  granitic  rock  outcrops,  which  are 
typical  of  the  many  tors  which  occur  on  the  broad  hills  of  the  region. 

The  pipeline  is  buried  in  this  area. 

The  tor  features  are  richly  covered  with  lichens,  with  the  dominant 
genera  being  Vmbilicaria , Par me lia,  Physcia , Lecidea,  and  Cladonia. 

The  lower  parts  of  the  tors  are  beautifully  landscaped  with  lichen- 
covered  rocks,  scattered  small  birch  trees  {Betula  papyri f era) , and  an 
understory  consisting  primarily  of  lichens  {Cladonia  arbuscula , C. 
alpestris , C.  rangiferina,  Stereocaulon  sp.),  dwarf  shrubs  {Ledum  de- 
cumbens , Betula  nana) , and  the  grass  Hieroch lo8  alpina.  Most  of  the  map 
is  covered  by  upland  surfaces  with  evenly  spaced  alder  shrubs  ( Alnus 
crispa) , Carex  bigelowii , Betula  nana , Ledum  decumbens , and  the  lichens 
Cetraria  cucullata  and  Cladonia  rangiferina.  The  upland  areas  have  very 
widely  scattered  tree  islands  of  either  Betula  papyrifera  or  Picea 
mariana.  The  downslope  edges  of  this  upland  surface  grade  into  subalpine 
meadows  dominated  by  Carex  bigelowii , Betula  nana,  and  Sphagnum  spp. 
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Legend  for  the  Finger  Mountain  Site 


DRY  Umbilicaria  sp.-Parmelia  sp.  LICHEN-COVERED  TORS  AND  BOULDER- 
FIELDS. 

Umbilicaria  spp . , Parmelia  spp . , Rhizocarpon  qeographicum,  Physcia 
spp. , Hypogymnia  sp. , Cornicularia  divergens,  Xanthor ia  elegans, 
and  many  other  lichens. 


- 


DRY  Cladonia  alpestris-Arctous  alpina  ssp.  rubra  LICHEN  HEATH. 

Cladonia  alpestris,  C.  rangiferina,  C_.  arbuscula,  Cetraria  cucullata, 
Stereocaulon  tomentosum,  Arctous  alpina  ssp.  rubra , Ledum  palustre 
ssp.  decumbens,  Betula  nana  ssp.  exilis , Vaccinium  vitis-idaea  ssp. 
minus , Empetrum  eamesii  ssp.  hermaphrodi turn , Loiseleuria  procumbens, 
Hierochloe  alpina. 


DRY  Picea  spp .-Betula  papyrifera-Betula  glandulosa  SHRUB-LICHEN  MIXED 
CONIFEROUS-DECIDUOUS  WOODLAND. 

Picea  mariana  and  P.  glauca  dominant  mixed  with  Betula  papyrifera. 

Scattered  to  medium-dense  medium-sized  (5-15  cm  dbh)  trees. 


Scattered  tree  islands  or  krummholz. 


Understory:  Betula  glandulosa,  B.  nana  ssp.  exilis , Ledum  palustre 

ssp.  decumbens , Vaccinium  vitis-idaea  ssp.  minus , Empetrum  eamesii 
ssp.  hermaphrodi turn,  Lycopodium  annotinum,  Vaccinium  uliqinosum, 
Polytrichum  juniper inum,  Cladonia  rangiferina,  C.  alpestris , Cladonia 
ssp. , Stereocaulon  tomentosum. 
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DRY  Betula  papyrif era-Cladonia  alpestris  LICHEN  DECIDUOUS  WOODLAND. 

Scattered  to  medium-dense  medium-sized  (5-15  cm  dbh)  Betula  papyrifera. 
Understory:  Cladonia  alpestris , C.  rangiferina,  £.  arbuscula,  Cetraria 

cucullata,  Stereocaulon  tomentosum,  Arctous  alpina  ssp.  rubra , Ledum 
palustre  ssp.  decumbens,  Betula  nana  ssp.  exilis , Vaccinium  vitis-idaea 
ssp.  minus , Empetrum  eamesii  ssp.  hermaphrodi turn,  Loiseleuria  procumbens , 
Hierochloe  alpina. 
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DRY  Betula  papyrifera-Betula  glandulosa  SHRUB-LICHEN  DECIDUOUS  WOODLAND. 
Scattered  to  medium-dense  medium-sized  (5-15  cm  dbh)  Betula  papyrifera. 
Understory:  Betula  glandulosa,  B.  nana  ssp.  exilis , Ledum  palustre 

ssp.  decumbens,  Vaccinium  vitis-idaea  ssp.  minus , Empetrum  eamesii , 
Lycopodium  annotinum,  Polytrichum  juniper inum,  Cladonia  rangiferina, 

C.  alpestris , Cladonia  ssp. , Stereocaulon  tomentosum. 
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MOIST  Alnus  viridis  ssp.  cr ispa-Carex  bigelowii  ssp.  D 1 go  low  1 i ; DRY 
Cladonia  rangiferina-Rubus  chamaemorus  OPEN-SHRUB  MEAbOW/F ROST- BOIL 
COMPLEX. 

Open  medium-height  (1-3  m tall)  Alnus  viridis  ssp.  crispa. 

The  understory  is  a frost-boil  complex. 

Tops  of  frost-boils:  Cladonia  rangiferina,  Cetrar la  cucul lata , 

C.  tilesii , Cladonia  alpestris,  Carex  bigelowii  ssp.  bigelowii , 

Rubus  chamaemorus , Vaccinium  vitis-idaea  ssp.  minus,  Ledum  palustre 
ssp.  decumbens,  Polytrichum  juniperinum,  bicranum  sp.  , Rhaeomi tr i um 
lariuginosum,  Aulacomnium  turgidum. 

Inter-frost-boil  areas:  Carex  bigelowi i ssp.  bigelowi i , Be tula 
nana  ssp.  exilis , B.  glandulosa,  Vaccinium  ul iginosum,  V.  vitis-idaea 
ssp.  minus , Ledum  palustre  ssp.  decumbens , Rubus  chamaemorus , Bistorta 
plumosa,  Eriophorum  vaginatum,  Andromeda  polifolia  ssp.  pol i folia , 
Pedicularis  labrador ica , Sphagnum  spp. , Hylocomium  splendcns , bicranum 
sp. , Peltigera  canina. 


MOIST  Picea  spp.-Betula  papyrifera  MIXEb  CONIFEROUS-UECIblJOUS  FOREST. 
Scattered  to  medium-dense  medium-sized  (5—15  cm  dbh)  Picea  mari ana, 
Picea  glauca,  and  Betula  papyrifera. 

Understory:  Mixed  or  unspecified. 
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MOIST  Betula  glandulosa-Sal ix  plani folia  ssp.  pulchra  MEUIUM  HEIGHT 
SHRUBLANb. 

bcnse  medium-height  (1-3  m)  Betula  glandulosa  and  Salijc  plani fol ia 
ssp.  pulchra  with  Ribes  triste,  Calamagrostis  canadensis,  Spiraea 
beauverdiana , Vaccinium  ul iginosum , Ledum  groenlandicum,  Equisetum 
silvaticum,  Vaccinium  vitis-idaea  ssp.  minus.  Sphagnum  spp. 


A A/i  4 A A]  MOIST  Picea  mariana-Carex  bigelowii  ssp.  bigelowii  SEDGE-SHRUB  SUBALPINE 

('aYqgA  A/  WOODLAND. 

Scattered  small  tree  islands  with  Picea  mariana , Betula  glandulosa , 
and  Alnus  viridis  ssp.  crispa . 

Surrounding  meadows:  Scattered  medium-height  (1-3  m)  A1 nus  viridis 
ssp.  crispa  with  Carex  bigelowii  ssp.  bigelowii,  Betula  nana  ssp. 
exilis,  B.  glandulosa , Ledum  palustre  ssp.  decumbens , Vaccinium 
vitis-idaea  ssp.  minus,  V.  ul iginosum,  Andromeda  polifolia  ssp. 
pol i folia,  Bistorta  plumosa , Eriophorum  vaginatum,  Rubus  chamaemorus , 
Pedicularis  labrador ica,  Oxycoccus  microcarpus , Sphagnum  spp. , 
Aulacomnium  palustre , A.  turgidum. 


Hi 

wMm 


WET  Sal ix  planifolia  ssp.  pulchra-Sphagnum  sp.  TALL  SHRUBLANb. 

Dense  tall  (greater  than  3 m)  Salix  planifolia  ssp.  pulchra. 
Understory:  Sphagnum  sp. , Coma rum  palustre,  Calamagrostis  canadensis, 
Mnium  sp. , Calliergon  sarmentosum. 
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REVEGETATED  WORKPAD  AND  BURIED  PIPELINE 
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These  meadows  also  have  uniformly  spaced  alder  shrubs  and  tree  islands 
consisting  of  Picea  mariana.  Many  of  these  islands  have  flagged  trees 
and  krummholz  which  have  been  shaped  by  the  strong  winds  that  are  pre- 
dominantly from  the  east. 

The  forested  areas  consist  mainly  of  medium-sized  (5  to  15  cm  dbh) 
Piaea  mariana  with  scattered  Betula  papyri fera. 

A small  stream  cuts  across  the  northeast  corner  of  the  map.  The 
vegetation  in  the  stream  bottom  consists  of  dense  willow  thickets  with  a 
uniform  understory  consisting  of  Sphagnum  sp. , Mnium  sp. , and  Potentilla 
palustris. 

Description  of  the  vegetation  at  the  Sukakpak  Mountain  site 

This  area  (Fig.  7)  is  located  at  the  foot  of  Sukakpak  Mountain, 

10.1  km  south  of  the  turnoff  to  Dietrich  Camp.  The  pipeline  is  elevated 
in  this  region  and  is  located  just  west  of  the  mapped  area. 

The  site  is  unique  because  of  many  small  mound  features  which  have 
formed  on  both  sides  of  the  road.  These  small  mounds  reach  maximum 
heights  of  about  3 m.  The  cause  of  these  features  is  suspected  to  be 
subsurface  ice.  The  mounds  on  the  uphill  (east)  side  of  the  road  are 
much  more  disturbed,  with  large  cracks  and  other  evidence  of  recent 
surface  upheaval.  Many  of  the  mounds  are  covered  by  medium-sized  white 
spruce  which  have  become  tilted  in  all  directions  due  to  the  growth  of 
the  mounds.  Vegetation  on  the  larger,  more  stable  mounds  usually  consists 
of  Piaea  glauaa  and  shrubs  ( Betula  glandulosa,  Salix  lanata,  Potentilla 
fruticosa , Ledum  groenlandicum,  Dryas  integri folia) . The  smaller  mounds 
are  often  without  trees  but  usually  have  Betula  and  other  shrubs. 

The  area  which  receives  runoff  from  the  limestone  cliffs  on  Sukak- 
pak Mountain  is  very  calcareous.  Much  of  the  area  below  the  cliffs 
consists  of  moist  to  wet  calcareous  meadows  with  Triohophorum  caespito- 
sum,  Triglochin  palustre , T.  maritimum , Kobresia  simqjliciuscula,  Juncus 
triglumis,  Carex  atrofusaa , Drepanoaladus  brevifolius,  and  Catasaopium 
nigritum.  More  mesic  calcareous  microsites  have  Dryas  integrifolia, 
Andromeda  polifolia,  Kobresia  simpliaiusaula , Potentilla  fruticosa , 

Anemone  parviflora,  Salix  reticulata,  Tofieldia  pusilla,  Tomenthypnum 
nitenc,  and  Drepanocladus  brevifolius. 

In  the  forested  areas  the  understory  is  often  somewhat  dry  and 
consists  of  Dryas  integrifolia,  Carex  scirpoidea,  Festuca  altaica, 
Potentilla  fruticosa,  Arctostaphylos  rubra,  Vaccinium  uliginosum,  Salix 
reticulata,  and  many  species  of  lichens  including  Cetraria  cucullata, 

C.  richardsonii , and  Cladonia  spp. 

Wet  meadows  on  the  went  side  of  the  road  have  Carex  aquatilis,  C. 
rotundata,  Menyanthes  trifoliata,  Utricularia  intermedia,  and  Scorpi- 
dium  scorpiioides. 

In  the  southern  portion  of  the  map,  the  soils  are  apparently  much 
more  acidic.  There  are  extensive  F.riophorum  vagina  turn- Be  tula  glandulosa 
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Legend  for  Sukakpak  Mountain  Ice-Core 


Mound  Site 


DRY  Salix  alaxensis-Shepherdia  canadensis  SPARSELY  VEGETATED  GRAVEL 
OUTWASH. 

Salix  alaxensis , S.  lanata  ssp.  richardsonii , Shepherdia  canadensis, 
Pentaphylloides  f loribunda,  Betula  qlandulosa,  Equisetum  arvense, 
Salix  arctica,  Kobresia  simpliciuscula,  Carex  scirpoidea,  Chamerion 
platyphyllum. 
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DRY  Picea  glauca-Dryas  integrifolia;  MOIST  Picea  qlauca-Betula 
qlandulosa  CONIFEROUS  FOREST  COMPLEX. 

Scattered  to  medium-dense  medium-sized  (5-15  cm  dbh)  Picea  qlauca. 
Understory:  Drier  microsites — Dryas  integrifolia,  Carex  scirpoidea, 

Festuca  altaica,  Pentaphylloides  f loribunda,  Salix  reticulata,  Arctous 
alpina  ssp.  rubra,  Vaccinium  uliginosum,  Hedysarum  alpinum  ssp. 
americanum,  Bistorta  vivipara.  Rhododendron  lapponicum,  Rhytidium 
rugosum,  Rhacomitrium  lanuginosum,  Cetraria  cucullata,  C.  richardsonii , 
Cladonia  arbuscula,  C.  pyxidata. 

Moister  microsites — Betula  qlandulosa,  Pentaphylloides  f loribunda , 

Ledum  qroenlandicum,  Dryas  integrifolia,  Arctous  alpina  ssp.  rubra, 
Rhododendron  lapponicum,  Vaccinium  uliginosum,  V.  vitis-idaea  ssp. 
minus , Carex  scirpoidea,  Salix  lanata  ssp.  richardsonii , Equisetum 
arvense , Eriophorum  vaqinatum,  Andromeda  polifolia  ssp.  polifolia , 
Tomenthypnum  nitens , Distichium  capillaceum,  Cladonia  pyxidata. 
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spot  symbol  for 
ice-core  mound 


MOIST  Picea  qlauca-Betula  qlandulosa  SHRUB  WOODLAND  (Small  ice-core 
mounds) . 

Scattered  to  medium-dense  medium-sized  (5-15  cm  dbh)  Picea  glauca. 
Understory:  Betula  glandulosa,  Pentaphyl loides  f loribunda , Ledum 

qroenlandicum , Dryas  integrifolia,  Arctous  alpina  ssp.  rubra, 
Rhododendron  lapponicum,  Vaccinium  uliginosum,  V.  vitis-idaea  ssp. 
minus,  Carex  scirpoidea,  Salix  lanata  ssp.  richardsonii , Equisetum 
arvense , Eriophorum  vaqinatum,  Andromeda  polifolia  ssp.  polifolia. 
Tome n th y pn urn  nitens,  Rhytidium  rugosim,  Distichium  capillaceum, 
Cladonia  pyxidata. 


MOIST  Picea  qlauca- Eriophorum  vaqinatum  TUSSOCK  WOODLAND. 
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Scattered  to  medium-dense  small  (less  than  5 cm  dbh)  Picea  qlauca. 


Scattered  to  medium-dense  medium-sized  (5-15  cm  dbh)  Picea  qlauca ■ 


Understory:  Eriophorum  vaqinatum,  Betula  qlandulosa,  Salix  lanata 

ssp.  richardsonii , Ledum  palustre  ssp.  decumbens , Vaccinium  uliginosum, 
Empetrum  eamesii  ssp.  hermaphroditum,  Vaccinium  vitis-idaea  ssp.  minus , 
Hylocomium  splendens , Pleurozium  schreberi , Dicranum  sp. , Cladonia  spp. , 
Cetraria  cucullata. 
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MOIST  Eriophorum  vagina tum-Be tula  qlandulosa  TUSSOCK  DWARF  SHRUB  MEADOW. 
Eriophorum  vaginatum,  Betula  qlandulosa , Salix  lanata  ssp.  richardsonii , 
Ledum  palustre  ssp.  decumbens , Vaccinium  uliginosum , ESnpetrum  eamesii 
ssp.  hermaphroditum,  Vaccinium  vitis-idaea  ssp.  minus , Hylocomium 
splendens , Pleuvozium  shreberi , Dicranum  sp. , Cladonia  spp. , Cetrai ia 
cucullata. 
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MO  1ST  Picea  qXauca-Betala  qlandulosa;  WET  Baeothryon  caespitosum- 
Tr  iqlochin  palustre  COMPLEX  (Meadows  and  small  ice-cored  mounds). 
Higher  microsites  (ice-core  mounds  and  hummocks) : Picea  glauca, 
Betula  qlandulosa , Pentaphylloides  f lor ibunda  , Ledum  groenlandicum, 
Pryas  integrifolia,  Arctous  alpina  ssp.  rubra , Rhododendron  lapponic 
Vaccinium  uliginosum,  V.  vitis-idaea  ssp.  minus.  Carer  sci rpoidea , 
Salix  lanata  ssp.  richardsonii . Equisetum  arvense,  Eriophorum 
vaqinatum,  Andromeda  polifolia  ssp.  polifolia,  Tomenthypnum  nitens . 
Distichium  caiiillaceum,  Cladonia  pyxidata. 

Lower  microsites  (wet  meadows) : Baeothryon  caespitosum,  Triglochin 
lustre,  T.  maritimum,  Juncus  triglumis,  Andromeda  polifolia  s: 


Carex  aquatilis,  Eriophorum  anqustifolium,  Lrepanocladus  brevifolius. 


Catascopium  nigritum,  Scorpidium  scorpioides. 
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WET  Baeothryon  caespitosum-Tr iqlochin  palustre;  MOIST  Kobresia 


simpliciuscula-Dryas  integrifolia  COMPLEX  (Non-aligned  hummocks  and 
small  ice-core  mounds) . 

Higher  microsites : Kobresia  simpl iciuscula , Dryas  integrifolia,  Salix 
lanata  ssp.  richardsonii , S.  reticulata . S.  arctica,  Andromeda  ;x,lifolia 
ssp.  polifolia,  Pentaphylloides  f lor ibunda,  Equisetum  variegatum,  Betula 
qlandulosa,  Rhododendron  lapponicum,  Bistorta  vivipara,  Tofieldia 


pus  ilia,  Carex  scirpoidea . Arctous  alpina  ssp.  rubra.  Anemone  parvi flora, 
Tomenthypnum  nitens , Drepanocladus  brevifolius. 

Lower  microsites:  Baeothryon  caespitosum.  Triglochin  palustre, 

Triglochin  maritimum.  Juncus  triglumis , Andromeda  polifolia,  Carex 
atrofusca,  Pedicularis  sudetica,  Equisetum  palustre . Carex  aquatilis , 
Eriophorum  angustifolium,  Drepanocladus  brevifolius,  Catascopium 


nigri turn,  Scorpidium  scorpioides. 

MOIST  Salix  lanata  ssp.  richardsonii -Car ex  aquatilis  MEDIUM  HEIGHT 
SHRUBLAND. 

Salix  lanata  ssp.  richardsonii . Betula  qlandulosa , Carex  aquatilis . 
Juncus  castaneus,  Equisetum  pratense,  Carex  rotundata.  Campy lium 


stel latum , Drepanocladus  brevifolius. 

MOIST  Salix  lanata  ssp.  r ichardsoni i -Carex  aquatilis;  WET  Carex  rotundata- 
Carex  aquatilis  STREAMS IDE  COMPLEX. 

Scattered  medium-sized  dead  Picea  sp. 

Moist  microsites:  Salix  lanata  ssp.  richardsonii , Betula  qlandulosa. 
Carex  aquatilis,  Juncus  castaneus , Equisetum  pratense , Carex  rotundata. 
Campy 1 1 um  stel la  turn , Dr  epanoc ladus  brevifolius. 

Wetter  microsites:  Carex  rotundata,  C.  aquatilis,  Hippochaete 
variegata  ssp.  varieqata,  Cinclidium  sp. , Campy lium  stellatum, 
Drepanocladus  brevifolius. 


VERY  WET  Carex  aquatilis-Menyanthes  trifoliata  SHALLOW  MARSH. 

Carex  aquatilis , C.  rotundata . Menyanthes  trifoliata,  Utricularia 
intermedia , Carex  laxa , Scorpidium  scorpioides . 

WET  Baeothryon  caespitosum-Tr iqlochin  palustre;  VERY  WET  Carex  aquatilis- 
Menyanthes  trifoliata  MEADOW  MARSH  COMPLEX. 

Wet  microsites:  Baeothryon  caespitosum,  Triglochin  palustre,  Triglochin 
maritimum,  Juncus  tr lglumis,  Andromeda  polifolia,  Carex  atrofusca , 
Pedicularis  sudetica,  Equisetum  palustre,  Carex  aquatilis,  Eriophorum 


angustifolium,  Drepanocladus  brevifolius,  Catascopium  nigritum. 
Scorpidium  scorpioides. 

Very  wet  microsites:  Carex  aquatilis,  Menyanthes  trifoliata,  Carex 
rotundata , Utricular ia  intermedia  , Carex  laxa,  Scorpidium  scorpioides ■ 
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n Picea  glauca 

forests  in  the  southern  part  of  the  map.  A small  stream  crosses  the  map 
area  near  the  southern  boundary.  Vegetation  along  the  creek  consists 
primari  ly  of  Carex  aquatilie , C.  rotundata  and  Salix  lanata.  Extensive 
shrub  meadows  also  lie  adjacent  to  the  creek  where  the  main  species  are 
Salix  lanata  and  Betula  glandulosa.  On  the  sloping  banks  adjacent  to 
the  creek  bottom  are  medium-sized  Picea  glauca  with  an  understory  con- 
si st i rig  of  Vaccinium  uliginoeum , V.  vitis-idaea , Betula  glandulosa, 
Potentilla  f ruticosa,  Ilylocomium  alackanwn,  Rhytidium  rugoswn,  and 
Cladonia  spp. 

Disturbances  in  the  area  are  limited  mainly  to  the  drainage  changes 
which  are  apparently  contributing  to  growth  of  the  mounds  on  the  uphill 
side  of  the  road. 

Description  of  the  vegetation  at  the  Toolik 
upland  road  effects  study  site 

The  Toolik  upland  road  effects  study  site  is  located  16.6  km  north 
of  the  turnoff  to  the  Toolik  Lake  Camp. (Fig.  8).  This  is  an  area  of 
broad  rolling  hills  with  the  type  of  vegetation  which  covers  much  of  the 
foothills  of  the  Brooks  Range.  Cottorigrass  ( Eriophorum  vaginatum ) 
dominates  the  landscape  with  dwarf  birch  [Betula  nana) , Labrador  tea 
( Ledum  decumbens) , Cloudberry  ( Rubuc  chamaemoruc) , and  Lingonberry 
(Vaccinium  vitie-idaea) . Sphagnum  spp.  are  the  dominant  mosses  and 
several  species  of  Cladonia  occur  regularly.  In  some,  apparently  drier 
areas,  Carex  bigeloirli  and  Salix  planifolia  ssp.  pulchra  are  important 
components  of  the  vegetation.  Frost  boils  are  an  ubiquitous  feature  on 
the  upland  surfaces.  The  vegetation  on  these  features  usually  includes 
the  following  plants:  Rubue  chamaemorus,  Lu’Aula  arctiaa,  Caeeiope 
tetragona,  Phacomi trium  lanuginosum.  Poly  trichum  juniperinum,  Cladonia 
spp. 

There  are  many  slightly  wetter  sites,  usually  associated  with 
shallow  drainage  channels.  Vegetation  in  these  sites  is  dominated  by 
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VERY  WET  Hijjpur is  vulgar is-Potamoqeton  grammous  I 
HlppurlB  vulgaris , Putamogeton  gramineus , Carex 
scorpioides . 


WATER 


DISTURBED 


ROAD 


CREEK 


meadows.  This  type  is  also  the  principal  understory  i 


Legend  for  Toolik  Upland-Road  Effects  Study 


DRY  Cassiopc  tetragona  ssp.  tetraqona-Rubus  chamaemorus  DWARF  SHRUB 
SNOWBANK . 

Cass lope  tetragona  ssp.  tetragona,  Rubus  chamaemorus,  Carex  bigelowii 


ssp.  bigelowii , Betula  nana  ssp.  exilis,  Vaccinium  uliginosum, 
Loiseleur ia  procumbens , Polytrichum  juniper inum,  Dicranum  sp.  , 
Aulacomnium  turgidum,  Cetraria  nivalis,  C.  richardsorii  i , C.  delisei. 


Cladonia  richardsonii , Cladonia  spp. 

DRY  Betula  nana  ssp.  exilis- Vaccinium  uliginosum;  WET  Eriophorum 
sche uchzeri-C'arex  aquatilis  HIGH-CENTER  POLYGON  COMPLEX. 

Tops  of  polygons:  Betula  nana  ssp.  exilis,  Vaccinium  uliginosum, 
V.  viti-idaea  ssp.  minus , Ledum  palustre  ssp.  decumbens , Rubus 
chamaemorus,  Rhacomitrium  lanuqinosum,  Dicranum  sp.,  Rhytidium 


r ugosum , Aulacomnium  turgidum,  Cladonia  rangiferina,  C.  gracilis. 
Dactyl ina  arctica,  Cetraria  spp. 

Polygon  troughs:  Eriophorum  scheuchzeri,  Carex  aquatilis,  C. 
rotunda ta,  Salix  ovalifolia,  Sphagnum  spp.,  Drepanocladus  sp. , 


Poly  trichum  juniperinum. 

MOIST  Eriophorum  vag ina tum-Be tula  nana  ssp.  exilis  TUSSOCK  DWARF  SHRUB 
UPLAND  MEADOW. 

Eriophorum  vag ina turn,  Betula  nana  ssp.  exilis,  Ledum  palustre  ssp. 


decumbens,  Vaccinium  vitis-idaea,  Rubus  chamaemorus,  Salix  planifolia 


ssp.  pulchra , Carex  bigelowii  ssp.  bigelowii , Andromeda  polifolia  ssp. 
polifolia,  Pedicularis  labrador ica , Sphagnum  spp. , Aulacomnium  palustre , 
A.  turgidum,  Cladonia  arbuscula,  C.  rangiferina,  Cetraria  cucullata, 


Cetraria  spp. 

MOIST  Eriophorum  vaginatum-Betula  nana  ssp.  exilis;  WET  Eriophorum 


scheuchzeri-Carex  aquatilis  HIGH-CENTER  POLYGON  COMPLEX. 

Tops  of  polygons:  Eriophorum  vaqinatum,  Betula  nana  ssp.  exilis.  Ledum 
palustre  ssp.  decumbens , Vaccinium  vitis-idaea  ssp.  minus,  Rubus 


chamaemorus,  Salix  planifolia  ssp.  pulchra,  Carex  bigelowii  ssp. 


bigelowii , Sphagnum  ssp.,  Aulacomnium  palustre,  A.  turgidum,  Cladonia 


arbuscula,  C.  rangiferina,  Cetraria  cucullata , Cetraria  spp. 


Polygon  troughs:  Eriophorum  scheuchzeri , Carex  aquatilis , C. 
rotunda ta , Salix  ovalifolia,  Sphagnum  spp.,  Drepanocladus  sp. , 
Polytrichum  juniper inum. 

MOIST  Salix  planifolia  ssp.  pulchra-Nardosmia  friqida  IWARF  SHRUBLAND. 


Salix  planifolia  ssp.  pulchra,  Nardosmia  friqida,  Carex  bigelowii 


ssp.  bigelowii,  Equisetum  arvense,  Aulacomnium  palustre,  A.  turgidum, 


Hylocomlum  splendens , Peltigera  canlna. 

MOIST  Betula  nana  ssp.  exilis-Salix  planifolia  ssp.  pulchra;  DRY 


Betula  nana  ssp.  exilis- Vaccinium  uliginosum;  WET  Eriophorum  scheuchzeri 


Carex  aquatilis  DWARF  SHRUB  BOG  COMPLEX  (Irregular  polygons  and  hummocks 
in  natural  thermokarst  area) . 

Higher  microsites:  Betula  nana  ssp.  exilis,  Salix  planifolia  ssp. 
ulchra,  S.  fuscescens,  Ledum  palustre  ssp.  decumbens,  Pedicularis 


labradorica,  Dicranum  sp. , Polytr lchum  juniper inum,  Aulacomnium 


turgidum,  Ptilidium  ciliare,  Cetraria  cucullata,  Cladonia  spp. 


Dactylina  arctica . 
or 

Betula  nana  ssp.  exilis,  Vaccinium  uliginosum,  V.  vitis-idaea  ssp. 


minus,  Ledum  palustre  ssp.  decumbens,  Rubus  chamaemorus,  Rhacomitrium 


lanuqinoBum,  Dicranum  sp.,  Rhytidium  rugosum,  Aulacomnium  turgidum. 


Cladonia  rangiferina , C.  gracilis,  Dactylina  arctica,  Cetraria  spp. 


Lower  microsites:  Eriophorum  scheuchzeri,  Carex  aquatilis,  C.  rotunda ta, 
Salix  ovalifolia.  Sphagnum  spp. , Drepanocladus  sp. , Polytrichum 
juniperinum. 
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Figure  8.  Toolik  upland  road  effects  study  site 
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MOIST  Eriophorum  angustlfolium-Nardosmia  frlgida  SEDGE-FORB  MEADOW. 
Eriophorum  an gusti folium,  Carex  aquatilis . Nardosmia  frigida,  Salix 
ovalifolia,  Salix  fuscescens  ssp.  poronaica,  Saxifraga  cernua,  S.  punctata, 
Drepanocladus  sp. , Brachythecium  sp.,  Dicranum  sp. 


WET  Eriophorum  scheuchzeri-Carex  aquatilis  SEDGE  MEADOW  (flat  areas  and 
shallow  drainage  channels) . 

Eriophorum  scheuchzeri,  Carex  aquatilis,  C.  rotundata,  Salix  ovalifolia. 
Sphagnum  spp. , Drepanocladus  sp. , Polytrichum  juniperinum. 


WET  Eriophorum  scheuchzeri-Carex  aquatilis;  WET  Betula  nana  ssp. 
exilis-Sphaqnum  sp.  BOG  COMPLEX  (Aligned  and  non-aligned  hummocks) . 
Lower  microsites:  Eriophorum  scheuchzeri,  Carex  aquatilis,  C. 
rotundata,  Salix  ovalifolia.  Sphagnum  spp. , Drepanocladus  sp. , 
Polytrichum  juniperinum. 

Higher  microsites:  Betula  nana  ssp.  exilis,  Rubus  chamaemorus , 
Salix  ovalifolia,  Pedicularis  labrador ica,  Andromeda  polifolia 
ssp.  polifolia.  Sphagnum  spp. 
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Eriophorum  scheuchzeri  and  Sphagnum  spp.  Hummocks  in  these  areas  usually 
have  Salix  ovalifolia , Betula  nana,  and  Sphagnum  spp.  The  west  end  of 
the  dust  transect  and  also  a large  area  in  the  southeast  corner  of  the 
map  have  poor  drainage  with  complex  landform  and  vegetation  patterns. 

Some  local  areas  have  aligned  hummocks  with  vegetation  similar  to  that 
found  in  moist  drainages  mentioned  above.  Some  areas  have  high-center 
polygons  which  have  communities  dominated  by  dwarf  shrubs  ( Rubus  chamae- 
morus,  Betula  nana,  Vaooinium  vitis-idaea,  Salix  ovalifolia,  and  Sphag- 
num spp.).  More  well-developed  high-center  polygons  have  drier  centers 
with  Rhaaomitrium  lanuginosum,  Dicranum  spp.  and  several  fruticose 
lichen  species. 

A lake  in  the  southwest  corner  of  the  map  has  several  communities 
associated  with  it  which  are  not  found  in  other  areas  of  the  map. 

Included  here  are  a Cassiope  tetragona  snowbed  community,  a meadow 
community  dominated  by  Eriophorum  angusti folium,  Carex  aquatilis.  Beta- 
sites  frigidus,  and  Drepanocladus  brevifolius,  and  a shrub  community 
dominated  by  Salix  plani folia  ssp.  pulchra. 

The  main  disturbances,  other  than  the  dust  from  the  Haul  Road, 
include  the  gas  line  area,  which  has  been  revegetated,  and  the  area 
adjacent  to  and  east  of  the  pipeline  where  there  was  a snowpad  used 
during  construction  of  the  pipeline. 
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This  site  is  the  location  of  a major  study  involving  the  impact  of 
dust  on  upland  tundra  vegetation.  The  map  shows  the  location  of  the 
vegetation  transects  involved  in  the  study  and  an  area  for  the  study  of 
impact  caused  by  the  winter  construction  snowpad.  Eight  permanent  photo 
points  were  established  in  this  section  to  monitor  recovery  of  vegeta- 
tion. Two  thaw  transects  were  also  established,  and  notes  were  taken 
regarding  miscellaneous  aspects  of  the  impact. 

Description  of  the  vegetation  at  the  Franklin  Bluffs  oil  spill  site 

This  area  (Fig.  9)  was  mapped  four  days  after  an  estimated  1500  bbl 
spill  occurred  on  19  July  at  the  site  following  a rupture  in  a vent 
pipe.  Most  of  the  impacted  area  can  be  classified  as  moist  or  mesic 
calcareous  tundra,  types  which  are  very  common  along  the  Sagavanirktok 
River.  A small  lake  with  submerged  moss  vegetation  was  also  impacted. 
This  lake  received  light  spray  from  the  oil  spill  and  was  later  drained 
as  a source  of  water  during  the  clean-up  operations.  The  map  shows  the 
vegetation  as  it  existed  in  1976.  The  moist  tundra  sites  within  the 
impacted  area  have  the  sedges  Eriophorum  angustifolium  and  Carex  aquati- 
lis\  the  horsetail  Equisetum  variegation,  the  dicotyledon  Pediaularis 
sudetica,  and  the  mosses  Drepanooladus  brevifolius,  Cinolidium  arcti- 
cum  and  Mcesia  triquetra.  The  slightly  drier  sites  have  Eriophorum 
angusti  folium  and  Carex  bigelowii ; with  the  shrubs  (<  25  cm),  Salix 
lanata  and  Cassiope  tetragona',  the  prostrate  shrubs  Dryas  integri folia, 
Salix  reticulata,  S.  arctica  and  Arctostaphylos  rubra ; and  the  mosses 
Tomenthypnum  nitens  and  Ditrichum  flexicaule. 

There  are  other  vegetation  types  within  the  map  area  which  were  not 
impacted  by  the  oil.  Most  of  these  are  associated  with  the  river  and 
its  old  channels.  The  dry  river  bluffs  are  dominated  by  Dryas  integri- 
folia,  Arctostaphylos  rubra,  Salix  reticulata.  Astragalus  alpinus , 
Oxytropis  borealis , Carex  scirpoidea,  Kobresia  myosuroides,  Distichium 
capillaceum  and  Ditrichum  flexicaule . Lower  terraces  have  shrub  com- 
munities (<  50  cm)  which  are  dominated  by  Salix  glauca  with  Arctostaphy- 
los rubra,  Hedysarum  alpinum.  Anemone  parviflora,  Oxytropis  borealis, 
Tomenthypnum  nitens,  and  Ditrichum  flexicaule.  The  gravel  bars  have 
scattered  plants  of  Astragalus  alpinus , Salix  alaxensis,  Artemisia 
borealis,  Epilobium  lati folium,  Salix  glauca  and  many  others. 

Prior  to  the  spill,  the  main  disturbances  in  the  area  were  several 
vehicle  trails  which  are  noticeable  because  of  increased  flowering  of 
Eriophorum  vaginatum  and  a slightly  moister  microenvironment  in  the 
tracks.  There  was  also  a small  flooded  area  adjacent  to  the  work  pad  in 
the  vicinity  of  the  recent  spill. 

The  map  shows  the  approximate  extent  of  areas  which  received  light 
oil  spray,  heavy  oil  spray,  and  total  saturation,  respectively.  Areas 
within  the  light  spray  zone  will  probably  show  nearly  total  recovery 
within  one  year.  In  the  zone  of  heavy  spray  there  will  probably  be  good 
recovery  by  the  sedges  and  willows  which  are  the  dominant  plants.  The 
fate  of  other  plants  such  as  the  erect  dicots,  horsetails,  mosses,  and 

lichens  is  less  certain.  In  the  zone  of  total  saturation,  the  area  has 

been  so  disturbed  that  it  is  doubtful  that  any  plants  will  show  signi- 

ficant recovery  within  several  years. 
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Legend  for  Franklin  Bluffs  Oil  Spill  Site 


DRY  Dryas  inteqrifolia-Arctous  alpina  ssp.  rubra  PROSTRATE  SHRUB  HEATH. 
Dryas  integrifolia,  Arctous  alpina  ssp.  rubra , Salix  reticulata , 
Astragalus  alpinus  ssp.  alpinus,  Oxytropis  borealis , Carex  scirpoidea, 
Kobresia  myosuroides , Pedicularis  capitata,  Salix  glauca , S.  lanata 
ssp.  richardsonii , Distichium  capillaceum,  Ditrichum  flexicaule. 


DRY  Salix  alaxensis- Astragalus  alpinus  ssp.  alpinus  SPARSELY  VEGETATED 
GRAVEL  BARS. 

Salix  alaxensis , Astragalus  alpinus  ssp.  alpinus , Oxytropis  gorodkovii 
Salix  glauca,  Chamerion  latifolium,  Artemisia  borealis  ssp.  purshii, 
Festuca  rubra,  Castille ja  candata. 


DRY  Salix  glauca-Arctous  alpina  ssp.  rubra  DWARF  SHRUB  RIVER  TERRACES. 
Salix  glauca,  Arctous  rubra,  Hedysarum  alpinum  ssp.  americanum, 
Oxytropis  borealis,  Pedicularis  capitata,  Anemone  parviflora.  Ditrichum 
flexicaule , Tomenthypnum  nitens. 


MOIST  Eriophorum  angustifolium-Dryas  integrifolia  SEDGE  DWARF  SHRUB 
MEADOW. 

Eriophorum  angustifolium,  Dryas  integrifolia,  Salix  lanata  ssp. 
richardsonii,  Salix  reticulata,  Carex  bigelowii  ssp.  bigelowii, 
Cassiope  tetragona  ssp.  tetragona,  Arctous  alpina  ssp.  rubra,  Salix 
arctica,  Hippochaete  variegata  ssp.  variegata,  Tomenthypnum  nitens, 
Ditrichum  flexicaule. 


MOIST  Salix  ^ana^a  ssp.  richardsonii-Carex  aquatilis  DWARF  SHRUB  RIVER 
TERRACES. 

Salix  lanata  ssp.  richardsonii , Carex  aquatilis , Hippochaete  variegata 
ssp.  variegata,  Arctous  alpina  ssp.  rubra,  Hedysarum  alpinum  ssp. 
americanum,  Distichium  capillaceum. 


WET  Eriophorum  angus ti f ol ium-Dr epanoc ladus  brevifolius;  MOIST  Eriophorum 
angustifolium-Dryas  inteqr i f ol ia  COMPLEX  (Low-center  polygons,  strangmoor , 
irregular  hummocks) . 

Lower  microsites:  Eriophorum  angustifolium,  Carex  aquatilis , Carex 
saxatilis  ssp.  laxa , Pedicularis  sudetica , Hippochaete  variegata  ssp. 
variegata.  Dr epanoc ladus  brevifolius , D.  revolvens , Meesia  triquetra, 
Cinclidium  arcticum,  Callierqon  richardsonii . 

Higher  microsites:  Eriophorum  angustifolium,  Dryas  integrifolia,  Salix 
lanata  ssp.  richardsonii , S^.  reticulata , Carex  bigelowii  ssp.  bigelowii , 
Cassiope  tetragona  ssp.  tetragona,  Arctous  alpina  ssp.  rubra , Salix 
arctica,  Hippochaete  variegata  ssp.  variegata,  Tomenthypnum  nitens , 
Ditrichum  flexicaule. 


VERY  WET  Carex  aquatilis-Eriophorum  angustifolium  SHALLOW  MARSH. 

Carex  aquatilis,  Eriophorum  angustifolium,  Carex  saxatilis  ssp.  laxa, 
Dr  epanoc ladus  brevifolius , revolvens , Scorpidium  scorpioides . 
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Description  of  the  Prudhoe  Bay  Coastal  Site 


This  area  is  located  at  the  northernmost  extension  of  the  road  net- 
work at  Prudhoe  Bay  near  the  Arco  West  Dock.  The  road  in  this  vicinity 
was  completed  in  the  summer  of  1975  and  has  not  seen  much  traffic  to 
date.  The  mapped  area  is  mainly  north  of  the  road  and  extends  to  the 
beaches  of  the  Beaufort  Sea. 

Vegetation  immediately  adjacent  to  the  coast  is  represented  by 
three  fairly  distinct  communities.  Active  areas  of  the  beach  and 
slumping  coastal  bluffs  have  little  or  no  vegetation.  Slightly  mere 
stable  areas  have  scattered  plants  of  Cochlearia  officinalis , Stellaria 
humifusa , Phippsia  algida , and  Puccinellia  andevsonii.  In  quiet  lag  on 
areas  that  are  frequently  flushed  with  salt  water,  Carex  subspatkacea 
and  Puccinellia  phryganodes  form  dense  mats  of  vegetation.  These  areas 
are  frequently  utilized  by  waterfowl  as  indicated  by  the  heavy  concen- 
trations of  goose  feces.  Stable  areas  between  the  beach  or  lagoonal 
areas  and  the  highest  storm  strand  line  often  have  communities  with 
dense  cover  of  Dupontia  fisheri.  These  areas  are  often  quite  sandy 
and  sometimes  have  large  active  frost  boils  with  little  or  no  vegetation. 

Inland  from  the  beach  areas,  the  landscape  is  flat  with  many  lakes. 
Most  of  the  larger  lakes  are  elongated  and  oriented  perpendicular  to  the 
dominant  winds.  Some  of  the  lakes  have  Arctophila  fulva  communities  in 
areas  of  shallow  water.  The  terrain  between  the  lakes  is  often  quite 
rough  due  to  the  presence  of  aligned  hummocks,  rims,  troughs,  and 
high  centers  associated  with  ice-wedge  polygons.  The  western  half  of 
the  mapped  area  is  considerably  more  broken  up  than  the  eastern  half. 
Microrelief  variations  in  map  units  in  the  western  half  sometimes  ex- 
ceed 50  cm  while  the  relief  in  the  eastern  half  rarely  exceeds  25  cm. 

The  vegetation  also  reflects  this.  The  vegetation  in  the  eastern  half 
is  generally  meadow-like  with  large  areas  of  mesic  tundra  dominated  by 
sedges  (mainly  Carex  aquatilis  and  Eriophorum  angustifoliwn)  and  pros- 
trate willows  such  as  Salix  pulchra,  S.  ovalifolia>  and  S.  arctica. 

The  willows  appear  to  grow  no  higher  than  about  10  cm  at  this  northern 
edge  of  the  Arctic  Coastal  Plain.  Wetter  areas  have  sedges  with  few  or 
no  willows.  At  this  date  (30  July  1977 ) » it  is  still  very  difficult  to 
differentiate  the  species  of  sedges;  Carex  aquatilis  and  Eriophorum. 
angusti folium  are  very  abundant,  but  other  species  also  undoubtedly 
occur. 

In  the  western  half  of  the  map  area  there  are  many  microsites  with 
drier  vegetation  types.  These  sites  occur  on  slightly  raised  areas 
such  as  the  tops  of  high-center  polygons,  with  frost  active  areas. 

Much  of  the  soil  is  covered  by  lichens  such  as  Cladonia  pyxidata } Tham- 
nolia  subuliformis,  Ochrolechia  frigida , and  Fulgensia  bracteata. 

Dominant  vascular  plants  include  Salix  rotundifolia } Carex  cf.  rotun- 
data  (Coll.  no.  279),  Dryas  integrifolia , Luzula  arctica , and  Carex 
misandra.  Mosses  are  not  abundant,  but  Dicranum  spp.  and  Polytrichum 
juniperinum  and  Bryum  spp.  are  usually  present.  Areas  with  aligned 
hummocks  have  vegetation  which  is  often  dominated  by  the  lichen  Ochro- 
lechia  frigida. 


Legend  for  Prudhoe  Bay  Coastal  Site 
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DRY  Cochleariopsis  groenlandica  ssp.  arctica-Puccinellia  phryganodes 
SPARSELY  VEGETATED  BEACH. 

Cochleariopsis  groenlandica  ssp.  arctica , Puccinellia  phryganodes, 
Stellar ia  humifusa.  Puccinellia  andersonii. 


DRY  Salix  rotundifolia-Ochrolechia  f r igida  PROSTRATE  WILLOW  HEATH. 

Salix  rotundifolia,  Ochrolechia  f rigida , Salix  planifolia  ssp. 
pulchra , Stellaria  laeta,  Artemisia  arctica,  Poa  arctica,  Festuca 
baf f inensis,  Luzula  arctica,  Carex  rupestris,  Salix  arctica,  Dicranum 
sp. , Polytrichum  juniperinum,  Oncophorus  wahlenbergii,  Lecanora 
epibryon,  Cetraria  islandica,  Thamnolia  subuliformis , Cladonia  pyxidata. 
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DRY  Carex  bigelowii -Ochrolechia  f rigida;  MOIST  Carex  aquatilis-Salix 
planifolia  ssp.  pulchra  FROST  ACTIVE  TUNDRA  COMPLEX. 

Higher  microsites  (e.g.,  polygon  rims  with  considerable  evidence  of 
cryoturbation) : Carex  bigelowii,  Ochrolechia  frigida,  Carex  fuliqinosa. 

Dryas  integrifolia,  Carex  aquatilis , Draba  pseudopilosa,  Salix 
reticulata,  Pedicularis  lanata  ssp.  lanata,  Dicranum  sp. , Polytrichum 
juniperinum,  Thamnolia  subuliformis,  Cetraria  islandica,  Sphaerophorus 
globosus,  Cladonia  pyxidata. 

Lower  microsites  (meadows,  low  polygon  centers):  Carex  aquatilis , 

Salix  planifolia  ssp.  pulchra,  S.  ovalifolia,  Eriophorum  angustifolium, 
Salix  arctica,  Nardosmia  frigida,  Dupontia  f isheri , Campy lium  stellatum, 
Distichium  capillaceum, 
or 

Carex  aquatilis,  Eriophorum  angustifolium,  Dupontia  f isheri , Pedicularis 
sudetica,  Drepanocladus  brevifolius , Campylium  stellatum. 


MOIST  Dupontia  f isheri-Cochlear iopsis  groenlandica  ssp.  arctica  SALINE 
GRASS  FORB  MEADOW. 

Dupontia  f isheri , Cochleariopsis  groenlandica  ssp.  arctica, 
Puccinellia  andersonii , Stellaria  humifusa. 


MOIST  Carex  aquatilis-Salix  planifolia  ssp.  pulchra  SEDGE  MEADOW. 

Carex  aquatilis,  Salix  planifolia  ssp.  pulchra,  i>.  ovalifolia, 
Eriophorum  angustifolium,  Salix  arctica,  Nardosmia  frigida,  Dupontia 
f isheri , Campylium  stellatum,  Distichium  capillaceum. 


WET  Carex  aquatilis- Eriophorum  angustifolium;  MOIST  Carex  aquatilis- 
Salix  planifolia  ssp.  pulchra  MEADOW  COMPLEX. 

Higher  microsites:  Carex  aquatilis , Salix  planifolia  ssp.  pulchra, 

S.  ovalifolia,  S.  arctica,  Eriophorum  angustifolium,  Nardosmia 
frigida,  Dupontia  f isheri , Campylium  stellatum,  Distichium  capillaceum. 
Lower  microsites:  Carex  aquatilis , Eriophorum  angustifolium,  Pedicularis 
sudetica,  Drepanocladus  brevifolius , Campylium  stellatum. 


WET  Carex  subspa thacea-Puccinellia  phryganodes  SALINE  SEDGE  MEADOW. 
Carex  subspa thacea,  Puccinellia  phryganodes , Stellaria  humifusa, 
Carex  ursina. 

VERY  WET  Arctophila  fulva  SHALLOW  MARSH 
FRESH  WATER  LAKES 
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BARREN  BEACH  SAND  AND  GRAVEL  WITH  SCATTERED  PEAT  BLOCKS 
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There  are  two  main  types  of  disturbance  at  this  site.  The  oldest 
disturbance  is  in  the  northwest  corner  of  the  map  where  there  is  an 
abandoned  drill  site  with  much  debris,  scraped  tundra,  and  scattered 
gravel  in  the  immediate  vicinity.  There  are  weedy  communities  of  mosses 
and  liverworts  in  the  area,  especially  around  the  sewage  pond.  The  other 
type  of  disturbance  consists  of  large  flooded  areas  adjacent  to  the  road. 
These  areas  are  merely  indicated  on  the  map  with  no  boundaries.  This  is 
because  the  photography  used  for  the  mapping  was  taken  in  1973,  before 
construction  of  the  road. 

Immediate  future  objectives 

The  system  of  mapping  will  be  reevaluated  and  a unified  mapping 
system  developed  which  will  draw  on  our  experience  from  the  entire  Haul 
Road  route  ar.d  other  sites  in  northern  Alaska.  The  system  thus  devel- 
oped will  be  aimed  at  creating  maps  with  maximum  vegetation  information 
that  will  be  useful  to  a wide  variety  of  activities  and  requirements. 
Additional  maps  in  the  region  of  Atigun  Pass,  Chandalar  Shelf,  Grayling 
Lake,  and  the  Yukon  River  are  planned. 


Subproject  h 

Analysis  of  natural  disturbance  and  recovery  to  assess  highway- 
induced  impacts. 

Subproject  La 

Successional  study  of  older  sites  recovering  from  natural  or 
man-induced  disturbances. 

Objective.  Determine  and  predict  the  rates  and  direction  of 
natural  recovery  for  ecosystems  of  northeastern  Alaska  on  the  basis  of 
known  time  sequences. 
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Progress . A number  of  disturbed  sites  along  the  Haul  Road  under- 
going natural  revegetation  have  been  located  and  sampled,  as  well  as 
undisturbed  neighboring  sites,  presumably  representing  the  pre-disturb- 
ance vegetation  status  of  the  disturbed  sites.  The  disturbance  sampling 
was  concentrated  in  the  forested  area  south  of  the  Brooks  Range  and  only 
a few  sites  have  been  sampled  on  the  North  Clope.  In  general,  it  was 
difficult  to  find  sites  recovering  from  disturbances  (both  natural  and 
man-caused)  aged  20  years  and  older.  Disturbances  8 years  old  and 
younger  have  been,  on  the  other  hand,  numerous. 

A summary  of  the  sampled  sites  according  to  the  type  and  age  of  dis- 
turbance, vegetation  type,  and  site  location  is  given  in  Table  U.  A 
preliminary  conclusion  can  be  made  that  the  natural  revegetation  of 
disturbed  sites  in  which  the  vegetation  cover  has  been  removed  almost 
completely  takes  about  3 to  6 years  in  the  presence  of  adequate  moisture. 

Hubproject  Ub 

Huccessional  study  of  recent  man-  and  road-induced  disturbances. 

Objective.  Establish  a basis  for  long-term  monitoring  of  vegeta- 
tional  change  on  recently  disturbed  surfaces  along  the  Haul  Road. 

Progress . New,  permanent  long-term  monitoring  sites  have  been 
established  under  subprojects  2 and  3.  Other  sites  available  for 
long-term  monitoring  have  been  noted  during  the  past  field  season,  and 
permanent  long-term  monitoring  plots  will  be  established  next  summer. 

This  subproject  will  study  surfaces  which  have  not  been  revegetated 
because  studies  by  other  researchers  on  revegetation  are  underway. 

Most  likely,  the  plots  will  be  located  in  places  where  revegetation 
efforts  did  not  succeed. 


■ 'ubprojeet,  9 

Analysis  of  all  phytosociological  samples  collected  in  above 
subprojects . 

Objective 

Cummarize  the  data  collected  in  the  above  activities  into  a working 
hypothesis  concerning  environmental  controls  upon  vegetation  composition, 
production,  phenology,  and  development. 

Progress 

Dome  progress  has  been  made  on  this  subproject  to  date,  but  gen- 
erally as  an  expansion  of  our  data  base.  This  expansion  is  represented 
by  all  the  Haul  Road  data  collected  during  the  1977  season.  This 
project  is  a synthesis,  and  the  activities  during  the  1977  summer  were 
principally  limited  to  field  work.  At  present  we  are  involved  in  work 
on  a unified  map  legend  system  which  will  encompass  all  the  various  map 
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legend  systems  that  our  group  has  been  using  in  the  past  (V/ebber  and 
Walker  1975,  Walker  and  Webber  1976,  Webber  et  al . 1976,  Everett  et  al . 
1978,  Komfirkovfi  and  Webber  1978,  Everett  et  al.  in  prep.,  Komfirkovfi 
and  Webber  in  prep.).  Data  processing  for  the  development  of  predictive 
models  will  continue. 


Subproject  6 

Documentation  of  dust  fallout  on  vegetation  along  the  highway  (in 
cooperation  with  Project  5). 

Objective.  Assess  the  impact  of  road  dust  on  the  major  ecosystems 
along  the  Haul  Road. 

Progress.  Figure  11  summarizes  our  current  view  of  the  simplified 
combined  Haul  Road  effects  on  the  plant  primary  production.  This  word 
model  lists  the  principal  environmental  factors,  the  way  they  are 
changed  by  the  Haul  Road,  and  the  direction  and  manner  of  changes  in 
primary  production.  For  example,  the  road  may  impede  the  drainage, 
which  may  increase  the  plant  production  at  first,  but  decrease  it  i f 


•does  not  include  water  trucks 
or  traffic  spray 


** includes  some  sand  and  qravel 


•••includes  some  hydrocarbons 


Figure  11.  Word  model  of  principal  effects  of  the  Haul  Road  on  the  pri- 
mary  production  of  adjacent  tundra  vegetation.  In  this  model  construc- 
tion damage  (e.g.,  vehicle  tracks)  and  rehabilitation  procedures  (e.g., 
fertilising)  are  assumed  to  have  been  minimal. 
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drainage  is  prevented  to  the  point  that  pending  results.  Similar 
complex  effects  on  primary  production  can  also  be  reasoned  for  the  other- 
principal  factors.  During  the  previous  work  on  this  project,  we  as- 
sumed that  it  would  be  possible  to  separate  the  effects  of  dust  from 
the  other  effects  of  the  road  on  vegetation  readily.  However,  in  the 
course  of  the  analysis  of  the  1977  summer  field  data  it  became  appar- 
ent that  the  dust  effects  are  combined  with  other  road  effects  in  a 
complex  way,  and  the  project  design  and  hypothesis  were  modified 
accordingly. 

In  order  to  recognize  the  effects  of  the  road  on  vegetation  from 
natural  habitat  and  vegetation  changes,  it  was  necessary  to  establish 
that  the  environment  and  vegetation  at  the  site  are  uniform.  It  was 
assumed  that  the  time  period  after  the  construction  of  the  Haul  Road  has 
not  been  long  enough  to  affect  the  cover  and  composition  of  vascular 
plants  in  the  upland  tussock  tundra  community  in  places  which  were  not 
affected  by  surface  disturbance  during  the  Haul  Road  construction,  and 
that  any  detected  differences  in  this  composition  would  reflect  the 
differences  in  natural  habitat. 

We  also  assumed  that  the  effects  of  the  road  on  vegetation  will  be 
recognizable  in  terms  of  plant  production,  for  instance,  in  different 
growth  rates  of  the  dominant  plants;  the  growth  rates  of  these  plants 
would  change  with  the  distance  from  the  Haul  Road  on  a transect  perpen- 
dicular to  it.  At  an  environmentally  and  vegetationally  uniform  site, 
the  end  points  of  the  transect  (located  in  places  where  no  environmental 
changes  caused  by  the  Haul  Road  could  be  detected)  would  serve  as 
controls.  Several  plant  parameters  were  selected  to  illustrate  the 
road-induced  changes  on  the  material  collected  for  the  dust  study. 
(Although  the  original  project  was  designed  to  study  the  effects  of 
dust,  the  data  and  specimens  collected  during  the  1977  field  season 
proved  to  be  equally  suitable  for  the  study  of  the  combined  road  ef- 
fects.) Furthermore,  even  though  we  are  emphasizing  now  that  the  dust 
effects  on  vegetation  cannot  be  easily  separated  from  the  overall  road 
effects,  we  want  to  pursue  the  possibility  that  evergreen  plants  have  a 
physiological  or  energetic  disadvantage  over  deciduous  plants  when  dust 
accumulates  upon  leaf  surfaces;  i.e.,  an  evergreen  plant  will  suffer 
greater  impact  from  dust  loads  than  a deciduous  plant  because  it  retains 
its  leaves  from  year  to  year. 

The  effects  of  dust  on  leaf  physiology  are  complex.  Eller  (1977) 
postulated  that  absorptivity  of  dusted  leaves  is  more  than  doubled  in 
the  wave  range  of  700  to  1350  mm,  causing  a rise  in  leaf  temperature  of 
2 to  U C.  The  exact  consequence  of  increased  leaf  temperature  is  not 
yet  known,  although  there  is  a strong  suggestion  that  by  altering 
respiration  rates,  dust  accumulation  can  lower  net  photosynthesis  and 
thus  limit  growth  and  reproduction  of  the  plant  (Saunders  1971)* 
Operating  simultaneously  in  this  wave  range  may  be  a reduced  degree  of 
reflectivity  in  dusted  leaves,  althougn  Eller  (1977)  stated  that  dusty 
leaves  tend  to  diffuse  visible  light  mere  readily  than  undusted  leaves 
(also  Eveling  1967 ) • Any  rise  in  internal  leaf  temperature  may  be 
offset  to  some  degree  in  arctic  regions,  however,  where  high  winds  may 
increase  the  effects  of  convective  cooling  at  the  leaf  surface  (Gates 
1962). 
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On  the  other  hand,  plants  collecting  .heavy  dust  loads  may  experi- 
ence a longer  growing  season  because  dust  promotes  an  earlier  snow  melt 
(Warren  Wilson  1968,  Kryuchkov  1976).  Rather  than  inhibit  growth,  dust 
would  then  enhance  growth  by  exposing  plants  to  greater  amounts  of 
incident  radiation  at  earlier  dates  in  the  late  spring  or  early  summer. 
Aerial  photographs  of  the  Prudhoe  Bay  spine  road  taken  in  late  May 
support  this;  snow  is  virtually  absent  adjacent  to  the  well-traveled 
road,  hut  flanks  a nearby  untraveled  road  in  large  drifts  (Benson  et  al . 
<97M>  Bilgin  (1975)  showed  that  thaw  depth  (which  is  increased  by 
road  construction)  influences  nutrient  fluctuations  at  Prudhoe  Bay. 

The  study  area 

The  site  is  the  same  as  discussed  under  subproject  3 and  is  located 
approximately  l6  km  north  of  the  Toolik  Lake  turnoff  at  APL  117-3* 

The  northwest  side  of  the  road  is  considerably  more  man-disturbed 
than  the  southeast  side;  the  oil  pipeline  with  a caribou  crossing  (“75  m 
from  the  road),  a revegetated  gas  feeder  pipeline  (5  m from  the  road), 
and  a work  pad  over  which  the  pipeline  is  elevated  (35  m from  the  road) 
are  all  located  there. 

Methods 


Three  l600-m-long  transects  were  established  in  a direction  perpen- 
dicular to  the  Haul  Road  at  100-m  intervals  (Fig.  8).  The  middle  trans- 
ect was  surveyed  for  elevation  (Fig.  12).  The  sampling  sites  (A,  B,  C, 
D,  E,  F on  the  southeast  side  of  the  road,  and  A' , B' , C' , D* , E' , F'  on 
the  northwest  side  of  the  road)  were  located  at  10- , 25-,  100-,  250- , 
i»00-,  and  800-m  intervals  parallel  to  the  Everett  dust  collection  boxes 
(Project  5)*  Vegetation  was  analyzed  at  each  transect  interval  at  36 
plots  and  : 80  1-m  quadrats  for  plant  cover  and  frequency  (Bray  and 
Curtis  1957)*  A soil  sample  and  five  values  for  depth  of  thaw  were 
collected  at  each  plot. 


I 


Figure  12.  Topographical  profile  and  the  location  of  sample  plots  on 
the  middle  transect  perpendicular  to  the  Haul  Road. 
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Twelve  specimens  each  of  Ledum  palustre  ssp.  deoumbens  and  Betula 
nana  ssp.  exilis  were  collected  at  each  of  the  36  plots.  Twelve  specimens 
each  of  Rubus  chamaemor-us , Vaaoinium  vitis-idaea  ssp.  minus , and  Salix 
planifolia  ssp.  pulahra  were  collected  at  the  three  plots  nearest  and 
the  three  plots  farthest  away  from  the  road  (a  total  of  1080  specimens). 
The  specimens  were  collected  at  the  end  of  the  vegetation  season  between 
16  and  l8  August  1977. 

To  establish  the  uniformity  of  the  site,  the  agglomerative  cluster- 
ing average  linkage  method  of  Sokal  and  Sneath  (1963),  which  produces 
polythetic,  hierarchal  dendrograms,  was  applied  to  the  vegetation  data. 
Between-stand  similarity  was  also  computed  (cf.  Bray  and  Curtis  1957)- 
The  distribution  and  importance  of  six  selected  species  along  the  three 
transects  in  the  study  area  are  illustrated  in  diagrams  in  which  six 
species  index  classes  are  represented  by  six  circle  sizes  which  are 
proportional  to  the  ranges  of  each  class  (Figs.  17-22).  Although  these 
diagrams  were  used  to  investigate  the  uniformity  of  the  site,  they  could 
also  be  examined  for  the  effects  of  the  Haul  Road  on  the  distribution 
and  importance  of  individual  species.  However,  only  the  differences 
that  are  apparent  on  both  sides  of  the  road  on  all  transects  can  be 
considered  as  Haul  Road-induced  changes,  and  very  few  of  those  are 
apparent  in  the  diagrams.  It  is  also  difficult  to  assess  whether  the 
actual  cover  of  individual  species  may  not  be  the  same  even  in  sites 
with  different  relative  species  index  values.  It  appears  necessary  to 
investigate  these  relationships  more,  namely  with  respect  to  the 
distribution  of  actual  percentage  cover  of  individual  species.  Soil 
samples  of  surface  soil  horizons  were  analyzed  according  to  methods 
standard  in  the  Sedimentology  Laboratory,  Institute  of  Arctic  and  Alpine 
Research,  University  of  Colorado,  Boulder,  Colorado. 

Several  methods  were  used  to  detect  the  effects  of  the  Haul  Road  on 
plant  production.  Twenty  leaves  per  specimen  were  measured  for  each  of 
five  specimens  at  A2,  E2,  and  F2  sites  on  the  more  uniform  southeast 
side  of  the  road.  One  of  these  sites  (A2)  was  used  as  an  experimental 
site;  the  sites  at  the  end  of  the  transect  (E2  and  F2)  were  used  as 
control  points.  (It  was  necessary  to  use  F2  site  as  a control  for 
Rubue  ahamaemoruc,  which  did  not  occur  at  the  E2  site  in  sufficient 
quantities.)  Student's  t-test  was  used  to  determine  the  significance  of 
the  differences  between  the  two  sets  of  data.  The  health,  or  vitality, 
of  Lpharfnum  spp.  was  estimated  on  the  following  subjective  scale  at  each 
i te : 

0-25#  of  plants  appeared  healthy 
25-50#  of  plants  appeared  healthy 

- 50-75#  of  plants  appeared  healthy 

- 75-100#  of  plants  appeared  healthy. 

In  order  to  obtain  sections  for  the  growth  ring  study,  small 
'■gmerits  from  the  base  of  dried  branches  of  Ledum  palustre  spp.  deaum- 
Lenc  and  Betula  nana  ssp.  exilis  were  placed  in  30#  ethanol  solution  for 

'•  hours.  They  were  then  prepared  for  embedding  in  paraffin  wax  using 

tne  standard  alcohol  series  method.  After  embedding,  several  10-micro- 
‘.'•r  transverse  sections  of  the  twigs  were  made  with  a rotary  microtome. 
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The  sections  were  double  stained  with  saffranin  and  fast  green.  The  ' 

sections  were  mounted  on  glass  slides  in  Permount  medium  with  cover 

glasses.  Sections  have  been  studied  but  measurements  still  have  to  be  4 

made. 

Site  uniformity 

Table  5 shows  the  overall  plant  composition  of  the  site  on  the 
basis  of  summarized  data  from  36  plots  in  terms  of  species  index  (Webber 
1971)  and  relative  frequency.  One  of  the  requirements  for  site  selection 
was  the  analysis  of  vegetation  and  environmental  uniformity  in  order  to 
ensure  that  the  changes  caused  by  the  Haul  Road  could  be  detected  and 
measured.  Apart  from  the  considerable  disturbance  and  the  presence  of 
high  moisture  sites  on  the  northwest  side  of  the  road,  the  site  appeared 
to  be  uniform  when  inspected  in  the  field. 

Subsequently,  several  tests  were  performed  to  establish  the  site  < 

uniformity  quantitatively.  Hierarchal  dendrograms  (Sokal  and  Sneath 
1963)  were  used  for  the  classification  of  vegetation  stands  along  the 
transect.  (Clusters  of  stands  separated  at  low  similarity  levels  indi- 
cate that  the  vegetation  of  the  site  is  not  uniform.)  Three  dendrograms  ■ 

were  produced,  one  for  the  whole  transect  and  one  for  each  side  of  the 
road  (Figs.  13-15). 

The  vegetation  on  the  overall  transect  was  found  to  be  fairly 
uniform  and  clustered  at  the  75$  level  of  similarity  (Fig.  13).  More- 
over, the  similarity  among  the  majority  of  stands  was  around  the  80  to  . 

85$  level;  apparently,  the  overall  similarity  was  lowered  by  the  inclu- 
sion of  three  highly  disturbed  stands  (A'l,  A'2,  A' 3)  and  of  three  very 
moist  stands  (F'l,  F'2,  F'3).  The  high  similarity  of  noda  I,  II  and 
III  is  based  on  three  species  with  the  highest  species  index  values 
which  these  noda  have  in  common  ( Sphagnum  spp.  , Eriophorum  vaginatum, 
and  Diorcmum  spp.).  Nodum  IV  is  set  apart  primarily  by  the  reduced 
importance  of  Dicranum  spp.,  which  is  replaced  by  Betula  nana  ssp. 
exilis. 

The  vegetation  composition  is  less  complex  on  the  southeast  side 
(Fig.  lU)  than  on  the  disturbed  northwest  side  (Fig.  15)  of  the  road. 

On  the  southeast  side,  only  two  clusters  of  stands  were  produced  above 
the  80$  similarity  level,  while  on  the  northwest  side  four  noda  were 
• produced,  and  only  two  of  them  were  linked  at  the  Q0%  similarity.  The 

third  and  fourth  noda  were  linked  to  the  first  two  noda  at  75$  and  70$ 
similarity,  respectively.  The  two  noda  on  the  southeast  side  and  the 
two  noda  linked  at  the  highest  similarity  level  on  the  northwest  side 
show  the  same  three  species  with  the  highest  species  index  values  as  the 
whole  transect.  On  the  northwest  side,  nodum  III,  which  includes  the 
sites  at  the  end  of  the  transect  (F'l,  F'2,  F'3),  is  differentiated  from 
, the  other  noda  by  considerably  greater  abundance  of  Sphagnum.  Since  the 

non-uniformity  of  the  F'  sites  with  the  rest  of  the  transect  in  terms  of 
site  moisture  was  also  observed  in  the  field,  they  were  dropped  as  con- 
trol points.  The  depression  of  the  terrain  causing  the  differences  in 
environment  and  vegetation  at  the  northwest  end  of  the  transect  can  be 
observed  in  Figure  12.  The  sites  A'l,  A'2  and  A' 3,  which  form  nodum  IV 
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Figure  13.  Hierarchal  dendro- 
gram of  vegetation  stands  along 
the  whole  1600-m-long  transect , 
based  on  species  composition 
and  constructed  according  to 
average  linkage  method  (Sokal 
and  Sneath  1953).  Clusters 
differentiating  groups  of  stands 
are  identified  only  above  75% 
similarity  level. 


Figure  14.  Dendrogram  of  vege- 
tation stands  on  the  southeast 
side  of  the  F.aul  Road.  Two 
noda  are  shown , linked  at  a 
high  80%  similarity  level  which 
indicates  that  the  vegetation 
on  the  southeast  side  is  fairly 
uniform. 


INW  2NW  3NW  4NW 


Figure  15.  Dendrogram  of  vege- 
tation stands  on  the  northwest 
side  of  the  Haul  Road.  Noda  I 
and  II,  linked  at  80%  similar- 
ity level,  are  related  to  the 
vegetation  on  the  southeast 
side  of  the  road  to  a greater 
degree  than  noda  III  and  IV, 
which  represent  vegetation  of 
wet  and  disturbed  habitats, 
respectively . 
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Figure  16.  Between- stand  similarity  along  the  three  tran- 
sects. All  transects  exhibit  a decrease  in  percentage  simi- 
larity values  between  the  two  stands  farthest  away  from  the 
Haul  Road,  and  low  similarity  between  A'  and  B'  stands  on 
the  northwest  side  of  the  road. 


and  show  the  least  similarity  to  the  other  stands  on  the  northwest  side 
of  the  road,  are  located  in  the  proximity  of  the  natural  gas  pipeline 
(which  is  buried  5 m from  the  Haul  Road).  The  importance  of  Sphagnum 
is  lower  in  this  disturbed  site  than  in  the  other  sites  on  the  northwest 
side,  while  she  importance  of  Carex  bigelowii  ssp.  bigelowii  is  consid- 
erably higher. 

An  illustration  of  the  vegetational  uniformity  at  the  site  is 
provided  by  between-stand  similarity  values  which  were  computed  for  all 
three  transects  separately  (Fig.  16).  The  effects  of  the  two  main 
sources  of  lower  vegetation  similarity,  disturbance  and  higher  site 
moisture,  which  were  seen  in  the  dendrograms,  are  identified  on  all 
transects.  The  similarity  for  all  transects  fluctuates  within  a low 
30-percentage-points  range  (15  percentage  points  if  the  similarity 
values  between  A'  and  B'  stands  are  disregarded) . 

A series  of  diagrams  shows  the  distribution  and  importance  of  six 
pecies  on  the  three  transects.  Three  of  these  plants  are  the  most 
• mn<>n  ones  in  the  study  area  ( Sphagnum  spp. , Eviophorum  vaginatum , and 
i.cranum  spp.);  the  other  three  plants  were  used  for  growth  measurements 
■tula  nana  ssp.  exilis , Rubus  chamaemorus,  and  Ledum  palustre  ssp. 

• ur.bens ; see  the  following  section).  Sphagnum  spp.  (Fig.  17)  occurred 
it.es,  except  for  the  disturbed  A'  sites  close  to  the  natural  gas 
• . High  species  index  values  were  found  in  habitats  with  high 
Friophorum  vaginatum  (Fig.  18)  appears  to  be  more  important 
■ ad  n both  sides.  Dicranum  spp.  (Fig.  19)  shows  the  lowest 

►‘.test  species  index  values  farthest  away  from  the  road  on  both 
•’tula  nana  ssp.  exilis  (Fig.  20)  shows  consistently  low  species 
. throughout  the  study  area,  except  for  a slight  increase  in 

<•  • a*  farthest  away  from  the  road  on  the  northwest  side. 
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Figure  17.  Distribution  and  importance  of  Sphagnum  ssp.  along 
the  three  transects  in  the  study  area.  The  circle  size  is  pro- 
portional to  the  indicated  species  index  value  at  each  site. 

The  relative  importance  of  Sphagnum  is  diminished  in  the  dis- 
turbed sites  (A'). 


Figure  18.  Distribution  and  importance  of  Eriophorum  vagin- 
atum  along  the  three  transects  in  the  study  area.  The  circle 
size  is  proportional  to  the  indicated  species  index  value 
at  each  site.  The  species  index  values  appear  to  be 
slightly  higher  near  the  road. 
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Figure  19.  Distribution  and  importance  of  Dicranum  spp. 
along  the  three  transects  in  the  study  area.  The  circle 
size  is  proportional  to  the  indicated  species  index  value 
at  each  site.  No  obvious  trends  are  apparent. 


Figure  20.  Distribution  and  importance  of  Betula  nana  ssp. 
exilis  along  the  three  transects  in  the  study  area.  The 
circle  size  is  proportional  to  the  indicated  species  index 
value  at  each  site.  The  relative  importance  of  this 
species  appears  to  be  higher  in  the  wet  habitats  of  F' 
sites  on  the  northwest  side  of  the  road. 
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Figure  21.  Distribution  and  importance  of  Ledum  palustre 
ssp.  decumbens  along  the  three  transects  in  the  study 
area.  The  circle  size  is  proportional  to  the  indicated 
species  index  value  at  each  site.  This  species  shows  a 
very  uniform  pattern  of  importance  and  distribution 
throughout  the  study  area. 


Figure  22.  Distribution  and  importance  of  Rubus  chamae- 
morus  along  the  three  transects  in  the  study  area.  The 
circle  size  is  proportional  to  the  indicated  species  in- 
dex value  at  each  site.  The  relative  importance  of  this 
species  is  slightly  increased  in  the  disturbed  sites  on  : 
northwest  side  of  the  road  (A'). 
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Ledum  palustre  ssp.  decumbens  (Fig.  2l)  shows  a consistent  pattern 
throughout  the  study  area.  Rubus  chamaemorus  (Fig.  22)  shows  higher 
species  index  values  in  the  severely  disturbed  sites  (A’ ) near  the  road 
on  the  northwest  side. 

Generally,  these  diagrams  reflect  the  overall  uniformity  of  the 
vegetation  at  the  site.  They  also  suggest  that  site  moisture  and  severe 
disturbance  influence  cover  values  rather  than  the  occurrence  of  indi- 
vidual species,  which  also  attests  to  the  site  uniformity. 

Although  the  uniformity  of  the  site  would  be  adequately  determined 
on  the  basis  of  the  vegetation  data  alone  because  vegetation  integrates 
the  environment,  selected  environmental  characteristics  were  measured, 
tabulated  (Table  6),  and  statistically  treated  for  significant  differ- 
ences between  sites.  The  mean  number  of  species  (2k. 7)  was  lower  and 
the  mean  depth  of  thaw  (Ul.2  cm)  was  higher  on  the  disturbed  northwest 
side  of  the  road  than  on  the  southeast  side  which  showed  28.0  species  on 
the  average,  and  38.0  cm  thaw.  The  greatest  difference  in  depth  of  thaw 
between  the  two  sides  of  the  road  was  found  at  A and  F sites  (A'  and  F' 
sites  showed  also  the  vegetation  with  the  least  degree  of  similarity  to 
the  vegetation  on  the  rest  of  the  transect).  The  disturbed  A'  site  had 
mean  depth  of  thaw  of  1+9-5  cm,  while  the  wet  F'  site  had  mean  depth 
of  thaw  of  31*7  cm.  The  mean  pH  values  for  both  sides  of  the  road  were 
about  1+.5;  pH  ranged  between  3-9  and  5-1-  The  southeast  side  of  the 
road  showed  a wider  range  of  bulk  density  values,  which  indicate  a high 
content  of  organic  matter  in  all  samples  but  two  on  the  southeast  side 
of  the  road  and  one  on  the  northwest  side.  The  soil  moisture  values 
appear  to  reflect  the  fact  that  the  samples  were  collected  on  different 
days  (16  and  18  August  1977)  during  a rainfall  period  rather  than  the 
moisture  conditions  at  the  site. 

In  conclusion,  it  appears  that  the  site  is  sufficiently  uniform  in 
terms  of  both  vegetation  and  environment.  However,  A'  sites  were  found 
to  reflect  the  severe  disturbance  in  their  vicinity  caused  by  burial 
of  the  gas  feeder  line,  rather  than  the  effects  of  the  Haul  Road. 
Furthermore,  the  site  of  one  intended  control  end  point  of  the  transect, 
F' , was  shown  to  be  a site  which  is  less  well  drained  than  the  rest  of 
the  transect,  due  to  a depression  of  terrain,  and  which  shows  one  of  the 
lowest  degrees  of  vegetation  similarity  to  the  rest  of  the  transect. 
Therefore,  E,  E' , and  F sites  will  be  used  as  transect  controls.  All 
these  sites  show  very  low  dust  loads  (Table  6),  which  are  the  only 
observable  road  effects  that  far  from  the  road. 

Effects  of  the  Haul  Road  on  primary  production 

Only  a few  selected  characteristics  of  the  collected  plant  speci- 
mens were  investigated  in  order  to  establish  the  feasibility  of  detect- 
ing the  effects  of  the  Haul  Road  on  plant  production.  It  appears  that 
these  effects  are  recognizable  in  the  material  collected  and  that  the 
methods  used  in  the  present  study  are  suitable  for  this  purpose. 
Additional  methods  will  be  used  at  a later  date. 
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Table  7-  Leaf  dimensions  (cm)  of  three  species  at  two  sites  on  the 
southeast  side  of  the  road. 


A2  Si  to 

(site  close  to  road) 

E2  Site 
(control  site) 

F2  Site 
(control  site) 

Signi f icance 

Species 

length 

width 

length 

width 

length 

width 

length 

width 

Rubus  chamaemorus 

mean 

2.68 

3.90 

- 

- 

1.94 

2.77 

p<0.001 

p<0.001 

standard  deviation 

0.45 

0.61 

- 

- 

0.43 

0.64 

standard  error 

0.20 

0.  37 

- 

- 

0.  18 

0.41 

Betula  nana 

ssp.  exilis 

mean 

1.05 

1.10 

0.93 

0.99 

- 

- 

p<0.001 

p< 0.001 

standard  deviation 

0.  18 

0.21 

0.12 

0.13 

- 

- 

standard  error 

0.03 

0.04 

0.01 

0.02 

- 

- 

Ledum  palustre 

ssp.  decumbens 

mean 

0.80 

0.17 

0 . 80 

0.13 

- 

- 

not 

p<  0.001 

standard  deviation 

0. 18 

0.04 

0.20 

0.02 

- 

- 

signifi- 

standard  error 

0.  31 

O.001 

0.  39 

0.001 

cant 

Leaf  dimensions  of  three  species  were  measured  at  two  sites  on  the 
undisturbed  southeast  side  of  the  road  (Fig.  23).  Ledum  palustre  ssp. 
deaumbens  was  chosen  as  an  evergreen  dwarf  shrub,  Betula  nana  ssp.  exilis 
as  a deciduous  shrub.  Rubus  ohamaemorus  was  chosen  for  its  large  leaf 
size.  The  results  (Table  7)  indicate  that  the  differences  in  leaf  size 
between  the  two  sites  are  significant  at  the  <0.001  level  for  all  three 
species  measured.  Rubus  ahamaemorus  and  Betula  nana  ssp.  exilis  showed 
both  longer  and  wider  leaves,  and  Ledum  palustre  ssp.  deaumbens  showed 
wider  leaves  at  the  site  close  to  the  road  than  at  the  control  site.  The 
field  observation  that  some  shrubs  and  herbs  have  larger  leaves  in  the 
vicinity  of  the  Haul  Road  than  farther  away  from  it  was  thus  documented; 
the  yearly  increments,  for  instance,  were  also  observed  to  be  greater 
but  were  not  yet  measured. 

It  was  also  observed  during  the  field  work  that  the  vitality  of 
mosses  declined  with  decreasing  distance  from  the  Haul  Road.  A subjec- 
tive scale  was  used  to  document  this  observation  for  Sphagnum  spp.  (Fig. 
2U).  The  results  show  that  the  decline  in  Sphagnum  vitality  occurs  on 
both  sides  of  the  road  and  thus  it  is  undoubtedly  an  effect  of  the  road 
(most  likely,  it  is  an  effect  of  dust).  Sphagnum  spp.  could  be  used  to 
monitor  the  road  effects  at  other  sites  along  the  Haul  Road. 

A preliminary  growth  ring  investigation  of  woody  plants  was  carried 
out  to  find  out  whether  it  will  be  possible  to  compare  the  road  (dust) 
effects  on  evergreen  and  deciduous  plants  as  originally  proposed. 
Excellent  sections  have  been  obtained  (Fig.  25).  These  show  clearly 
defined  growth  rings  which  are  easy  to  measure.  Although  we  have  not 
yet  analyzed  the  growth  ring  data  we  can  make  the  following  statements: 

1)  there  is  a distinct  variation  of  growth  increments  from  year  to  year; 

2)  Ledum  (evergreen)  has  more  uniform  growth  rings  than  Betula  (decidu- 
ous); 3)  in  specific  years  increments  are  large  in  many  specimens  while 
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Figure  22.  The  leaf  dimensions 
of  plants  which  were  compared 
for  the  study  of  Haul  Road  ef- 
fects on  leaf  size. 


Haul  Rood 


1 * 0 to  25%  of  individuate  healfhy  • Transect  I 

2 * 26 to 50%  •Transect  2 

3 * 51  to  75%  • Transect  3 

4 = 76  to  100% 

Figure  24.  Health  of  Sphagnum  spp.  was  estimated  at  each 
site.  On  both  sides  of  the  road , the  health  of  this  plant 
decreases  with  decreasing  distance  from  the  Haul  Road. 


in  other  years  increments  are  small  in  many  specimens.  Therefore,  be- 
cause of  our  success  at  obtaining  measurable  transverse  sections  and 
because  the  stems  appear  to  be  sensitive  to  extrinsic  factors,  we  are 
optimistic  that  this  method  will  give  insights  into  the  effects  of  the 
Haul  Road  on  the  stem  incremental  growth  of  dwarf  shrubs. 

Summary  and  conclusions 

During  the  analysis  of  the  1977  summer  field  data,  it  became 
obvious  that  the  dust  effects  on  vegetation  are  combined  with  the  other 
Haul  Road  effects  in  a complex  way,  and  that  it  is  very  difficult  to 
investigate  the  effects  of  dust  separately.  However,  the  collected 
plant  material  proved  to  be  equally  suitable  for  an  investigation  of  the 
combined  road  effects  and  we  proceeded  with  it  without  trying  to  separ- 
ate the  individual  cause  and  effect  relationships. 
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V.  X Vs 


«h  > * t ft 


a.  Betula  nana 


Betula  nana  ssp.  exilis  (xl50) 


a.  Ledum  palustre  ssp.  decumbens  (x60).  d.  Ledum  palustre  ssp.  decumbens  (xl50). 


Figure  25.  Thin  (10-miaron)  transverse  sections  of  dwarf  shrub  branches. 
Note  the  definable  growth  rings.  These  specimens  are  all  from  the  control 
plots  away  from  the  road. 
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As  a first  step,  it  was  necessary  to  establish  that  the  environment 
ir.d  vegetation  at  the  site  are  uniform,  so  that  the  effects  of  the  road 
r.  vegetation  would  not  be  confused  with  the  natural  habitat  and  vegeta- 
tion changes.  It  appears  that  the  site  is  sufficiently  uniform  in  terms 
,f  both  vegetation  and  environment;  this  was  determined  by  investiga- 
tions of  stand  vegetation  similarity,  of  distribution  and  importance 
'elected  plants,  and  by  comparison  of  several  abiotic  properties  of  the 
environment.  The  effects  of  surface  disturbance  close  to  the  Haul  Road 
and  of  the  high  site  moisture  at  the  end  of  the  transect,  both  on  the 
northwest  side  of  the  road,  have  to  be  taken  into  account  later  during 
the  interpretation  of  the  results  of  this  study. 

Several  selected  characteristics  of  the  collected  plant  specimens 
were  examined  with  respect  to  the  effects  of  the  Haul  Road  on  plant 
production.  The  observations  made  during  the  field  work  suggested  that 
leaf  size  and  yearly  increments  of  several  woody  plants  and  herbaceous 
dicotyledons  are  enhanced  and  that  the  vitality  of  mosses  is  lowered  in 
the  vicinity  of  the  Haul  Road.  These  observations  were  confirmed  for 
both  the  leaf  size,  which  was  measured  on  some  of  the  specimens,  and  for 
the  moss  vitality,  which  was  estimated  on  a subjective  scale  in  the 
field.  It  was  also  established  that  the  evergreen  and  deciduous  shrubs 
present  at  the  site  have  growth  rings  which  can  be  measured  for  the 
possible  demonstration  of  the  road  (dust)  effect  differences  between  the 
evergreen  and  deciduous  growth  forms. 
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A second  period  of  field  work  ( 15— 2U  July)  was  used  to  follow  up  on 
aspects  of  Haul  Road  botany  noted  during  the  1976  season.  New  sites 
were  selected  to  expand  our  coverage  of  landscape  units  and  to  increase 
the  diversity  of  plant  habitats  and  species  observed.  Approximately  700 
lichen  and  bryophyte  collections  and  195  vascular  plant  collections  were 
made  that  are  now  part  of  the  permanent  collection  at  the  Herbarium  of 
the  University  of  Alaska  Museum.  Duplicate  material  will  be  distributed 
to  herbaria  at  institutions  engaged  in  studies  of  northern  botany;  the 
first  duplicate  set  of  vascular  plants  is  going  to  the  Komarov  Botanical 
Institute,  Leningrad.  Not  implemented  this  year  for  lack  of  funding  was 
a computerized  catalog  of  all  Haul  Road  collections;  however,  we  see 
this  as  a very  worthwhile  project,  vital  to  keep  pace  with  the  need  to 
permute  an  ever-increasing  amount  of  information  that  is  so  basic  to 
tundra  ecology. 

The  following  is  an  account  of  the  locations  visited  with  prelim- 
inary notes  on  our  accomplishments.  Some  of  the  1976  sites  were  re- 
visited, and  nine  new  areas  were  examined.  These  new  sites  are  located 
and  briefly  described  in  Table  1.  The  maps  appended  to  this  report 
include  the  new  sites. 

16  July.  Five-Mile  Camp  and  vicinity,  pipeline  crossing  area  and 
revegetated  borrow  pits  and  roadsides  for  specimens  of  prominent  native 
taxa  and  weeds.  No  Name  Creek  near  M-l.  Alder  tundra  (M-77-3)  to 
examine  age  structure  of  the  alders. 

17  July.  Alder  tundra  (M-77-l)  near  M-5/6  particularly  for  bryo- 
flora  of  Sphagnum-dominated  heath  and  for  nearest-neighbor  analysis  of 
nearby  stand  of  alders.  Large  sedge  bog  (M-77-2)  adjacent  to  airstrip 
at  Old  Man  Camp  where  we  found  a population  of  the  shrub  Myrioa  gale  at 
its  eastern  and  northern  limit. 

18  July.  Visited  Sukakpak  mounds  to  study  in  greater  detail  the 
flora  of  the  mounds  and  the  intermound  fens.  Although  at  least  some  of 
the  mounds  are  frozen  below  the  surface  and  have  the  appearance  of 
ice-cc-ed  features  formed  by  up-thrusting,  an  attractive  erosional 
theory  for  their  formation  was  developed  by  A.W.  Johnson.  This  ero- 
sional theory  addresses  some  of  the  questions  left  unanswered  by  wholly 


Table  1.  New  sites  established  in  1Q77.* 
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hire  h-  sphagnum  heath  and 
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Sedge  bog 

J 
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4 

1 97 

( 112) 
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68<’12'N,  149°24’W 
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shrub-subshrub  meadow  and 
sparselv  vegetated  alluvium 
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( 13  5) 

68°22 ' N , 149°24 'W 

Sedge  meadow  on  lacustrin* 
deposits  and  sand/silt  of 
river  banks 

b 
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68l128  ' N , 1 49°  1 8 ' W 

Wet  sedge  meadow  with  active 
frost  boils 

7 

220 

( 154) 

68U)0'N.  149°25'W 

Tundra  slopes  and  conglomerate 
Out i rops 

8 

221 

(156) 

68°  12 ' N , 149°27 'W 

West- facing  tundra  slope  and 
summit  - prostrate  shrub-sub- 
shrub meadow  and  summit 
fel 1 field 

4 

2 7 1 

(4  ib) 

Sagavan i rkt  ok 

69°02'N,  148°46'W 

Willow  thickets  and  forb  me.tdow 

•See 

:?FEL  I97'T  F 

HWA  Ann- 

.a.  Progress  Repcrt 

f-r  iciucentaticr. 

19*>-  sines. 

frost-related  hypotheses.  Discussions  with  other  field  parties  that  had 
spent  some  time  examining  and  analyzing  both  the  alder  tundra  and 
Sukakpak  mounds  revealed  how  our  approaches  to  these  brief  studies 
and  our  tentative  conclusions  reflected  biases  peculiar  to  our  respec- 
tive disciplines.  Each  group  had  a somewhat  different  and  naturally 
incomplete  picture  of  these  phenomena,  yet  the  whole  story  needs  to  be 
sought  for  such  superb  examples  of  naturally  patterned  landscapes.  Time 
would  be  well  spent  developing  a field  pian  and  schedule  for  1978  to 
permit  an  interdisciplinary  investigation  to  refine  the  most  important 
questions.  It  seems  likely  that  each  study  would  be  an  excellent  topic 
for  graduate  research.  A range  extension  for  the  sandwort  Minuartia 
striata  was  recorded  at  this  site. 

19  July.  Alluvial  fan  on  the  west  valley  wall  of  the  upper  Atigun 
River  (M-77-*+)  was  selected  to  compare  with  M-37-  Previously  unrecognized 
variation  (which  deserves  further  study)  was  noted  for  Erigeron  puryir- 
atus.  Wet  meadow  with  numerous  conspicuous,  active  frost  boils  (M-T7-6) 
was  examined  briefly.  Dryas  slope  and  summit  fellfield  of  a truncated 
ridge  just  east  of  Galbraith  Camp  (M-77-8)  provided  us  with  a taxonomic 
problem  involving  Claytonia  and  more  information  on  the  distribution  of 
Oxytropis  saanvnaniana  which  was  previously  unknown  for  this  portion  of 
the  Arctic  Slope. 

20  July.  Revisited  site  M-^0  which  we  have  dubbed  Mt.  Hulten 

in  honor  of  the  eminent  Swedish  botanist.  It  would  be  appropriate  to 
formally  honor  a man  who  has  done  so  much  for  Alaskan  botany.  This  year 
we  chose  a different  route  of  ascent  and  sought  new  habitats.  More  time 
was  spent  in  a col  and  summit  area  with  excellent  alpine  aspect  - boulders, 
fellfield,  snowbed,  and  snowflush.  The  rare  moss  Oreas  martiana  was 
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found  to  be  abundant  and  fruiting  at  one  site  here.  Barbula  corcencic, 
reported  by  Barbara  Murray  in  1976  as  new  to  Alaska  from  M-24  war;  found 
here  also. 

July . Bluff  of  the  Sagavanirktok  River  just  north  of  the  Happy 
Valley  cut  and  at  the  pipeline  crossing  two  boreal  sedges  ( Carex  aurea 
and  C.  concinna)  were  found  at  or  near  their  northern  limit  and  well 
north  of  their  napped  ranges.  Away  from  the  bluff  on  a shrub-tussock 
upland  we  discovered  Oxycoaoue  maarooarpuc  otherwise  known  on  the  Arctic 
Slope  from  the  middle  Colville  River. 

22  July.  We  made  a traverse  of  mountain  summits  in  the  Galbraith 
system  (M-77-7)  of  principally  conglomerate  bedrock  to  contrast  the 
flora  with  a similar  range  of  settings  seen  on  the  more  highly  calcare- 
ous limestone  immediately  to  the  south  (M-40,  Mt.  Hult£n).  Most  inter- 
esting was  the  discovery  of  Stellaria  umbellata,  which  in  Alaska  has  an 
unusually  discontinuous  distribution.  Additional  collections  of  a yet 
undescribed  species  of  the  lichen  genus  Polyblaetia  reported  in  1976  by 
Barbara  Murray  from  site  M-40  were  made  here  and  at  M-24. 

23  July.  To  compare  with  the  alpine  sites  visited  in  the  Galbraith 
areas  we  examined  a valley  bottom  transect  from  relatively  well-drained 
ground,  through  extensive  wet  sedge  meadows,  to  the  sand  and  silts  of 
the  Atigun  River.  We  revisited  M-43  to  re-collect  the  moss  Garysmithia 
bifurcata  (W.C.  Steere,  1977,  Garysmithia  bifurcata,  a new  genus  and 
species  of  Leskeaceae  (Musci)  from  Alaska  and  Colorado,  Phytologia , 
vol.  36,  p.  165-170)  which  Barbara  Murray  reported  in  1976  as  an  undes- 
cribed genus.  We  collected  its  associates  and  looked  unsuccessfully  for 
sporophytes  which  are  as  yet  unknown.  Site  M-43  is  one  of  three  known 
Alaskan  localities  for  the  moss,  which  has  also  been  found  twice  in 
Colorado.  While  there  we  also  obtained  seed  from  Evigeron  grandiflorue 
with  which  Janice  Bente  of  the  University  of  Alaska  was  able  to  obtain  a 
chromosome  count,  2n  = 36.  This  is  the  first  count  for  the  taxon  from 
Alaska,  and  it  is  consistent  with  the  number  obtained  elsewhere.  To  ob- 
tain this  number  for  the  Alaskan  population  is  important  in  the  light  of 
another  count  Janice  Bente  made  on  Evigeron  muirii  from  material  taken 
at  its  type  locality,  2n  = 18.  The  two  taxa  have  been  distinguished 
primarily  on  the  basis  of  leaf  and  stem  pubescence,  E.  muirii  being 
densely  lanate  whereas  E.  grandiflorue  is  hirsute-pilose.  Hult€n 
allied  the  two  under  E.  grandiflorue , but  our  information  now  indicates 
there  is  a more  fundamental  difference  between  them;  consequently  the 
morphological  differences  are  more  reliable  and  legitimate  than  previ- 
ously thought.  Also  at  this  site  is  another  locality  for  Carex  albonigra. 

24  July.  Revisited  site  M-54  to  examine  further  the  population  of 
Evigeron  muirii.  Lichens  and  mosses  were  gathered  here,  well  away  from 
the  dust  of  the  Haul  Road,  as  vouchers  (and  controls)  for  a CRREL  study 
on  the  transport  of  materials  adhering  to  dust  particles. 

Site  M-56  was  revisited  to  examine  the  hybrid  swarm  of  Oxytropie 
discovered  in  1976.  Specimens  collected  by  Susan  Kubanis  from  this  site 
later  in  the  season  provided  us  with  viable  seeds  from  which  Janice 
Bente  obtained  the  chromosome  numbers  2n  = 36,  40-42,  48,  50  and  56. 
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Based  on  the  specimens  obtained  last  year  and  this  year,  the  putative 
parents  are  the  blue- flowered  and  viscid  0.  borealis  (reported  elsewhere 
as  2n  = U8)  and  a member  of  the  yellow-flowered,  non-viscid  0.  oampee- 
tria  ccpmplex  ( ?0.  jordalii) . Numbers  reported  for  0.  oampeetrie  have 
been  2n  = 32,  36,  and  U8,  although  2n  = 96  was  reported  on  material  from 
the  Soviet  Union  named  by  them  0.  jordalii.  Obviously  more  work  is 
needed,  especially  with  fresh  material  undergoing  meiosis.  This  is  an 
unusual  opportunity  to  study  hybridization  in  northern  populations 
in  which  such  interactions  had  not  been  suspected. 

We  have  now  recorded  data  from  a total  of  68  sites.  Fourteen  of 
these  are  in  the  valley  of  the  Atigun  River-Galbraith  Lake.  For  this 
spectacular  area  we  can  construct  a cross  valley  profile  of  the  major 
vegetation  types  and  floristic  assemblages.  We  propose  further  studies 
to  refine  our  data  toward  a descriptive  botanical  statement  to  integrate 
bedrock  and  topographic  changes  with  common  landforms  and  conspicuous 
vegetation  types  as  well  as  a systematic  treatment  of  the  flora. 

A landscape  unit  we  have  not  studied  well  are  snowbeds,  and  a 
number  are  well  developed  on  the  terraces  of  the  Sagavanirktok  River  at 
Franklin  Bluffs.  Although  these  have  been  visited  by  John  Koranda,  we 
feel  it  would  be  profitable  for  us  to  carefully  collect  there. 
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PROJECT  1*.  SOIL  INVERTEBRATES  AS  INDICATORS  OF  ENVIRONMENTAL 
INTEGRITY  ALONG  THE  YUKON  RIVER-PRUDHOE  BAY  TRANSPORTATION  CORRIDOR 

S.F.  MacLean,  Jr.  and  R.H.  Thomas 
Institute  of  Arctic  Biology 
University  of  Alaska 


Introduction 

In  1977  a study  assessed  the  feasibility  of  using  community  struc- 
ture of  soil  invertebrates  as  an  indicator  of  environmental  disturbance. 

The  ultimate  objectives  of  the  research  are: 

1)  to  determine  the  sensitivity  of  soil  invertebrate  communities  to 
stresses  caused  by  human  impact  on  northern  ecosystems; 

2)  to  select  aspects  of  community  structure  (e.g.  species  composi- 
tion, species  richness,  dominance,  total  abundance...)  that  best  serve 
as  indicators  of  ecosystem  alteration; 

3)  to  determine  the  consistency  of  these  indices  of  community 
structure  across  latitudinal  and  habitat  (e.g.  moisture)  gradients,  and 
over  time;  and 

U)  to  collect  baseline  information  on  soil  invertebrate  community 
structure,  against  which  future  data  can  be  compared. 

In  August  1976  S.  MacLean  (University  of  Alaska),  V.  Behan  (McGill 
University),  and  A.  FJellberg  (University  of  Bergen)  traveled  from 
Fairbanks  to  Prudhoe  Bay  and  returned  to  collect  samples  for  the  analy- 
sis of  the  soil  fauna.  Behan  is  an  authority  on  the  taxonomy  and 
zoogeography  of  arctic  mites  (Acari),  FJellberg  is  a taxonomic  special- 
ist on  arctic  Collembola.  Collecting  began  at  the  Yukon  River,  between 
the  Yukon  River  and  treeline,  collecting  sites  emphasized  tundra-like 
habitats.  The  number  of  species  of  mites  and  collembola  found  at  each 
collecting  site  is  summarized  in  Table  1.  This  work  provided  the 
taxonomic  and  distributional  background  for  the  present  study. 

Between  18  and  26  June  and  2 and  13  August  1977,  R.H.  Thomas 
traveled  from  Fairbanks  and  return  to  set  up  study  plots,  begin  investi- 
gation of  various  environmental  parameters,  and  collect  samples  for 
analysis  of  the  soil  fauna.  In  June,  a series  of  17  primary  study  plots 
of  10x10  m were  set  up,  corresponding  more  or  less  to  the  1976  collect- 
ing sites  of  MacLean,  Behan  and  FJellberg.  Where  possible,  plots  were 
set  up  in  pairs  at  a given  location,  one  of  a "wet"  habitat  and  one  of  a 
"dry"  habitat,  so  as  to  allow  between-habitat  comparisons  at  the  same 
latitude.  Distinction  between  "wet"  and  "dry"  was  made  on  the  basis  of 
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Table  1. 


Number  of  species 


Acarina 


Cite 

Prostig- 

mata 

Meso- 

stigmata 

Crypto- 

stigmata 

Total 

mites 

Col  1 em- 
bola 

I. 

Arctic  Coastal  Plain 

2b 

18 

38 

80 

80 

II. 

Arctic  Foothills 

2b 

16 

b5 

86 

79 

III. 

Brooks  Range 

23 

lU 

b8 

86 

62 

IV. 

South-Slope  Tundra 

37 

19 

53 

110 

79 

vegetation  composition  at  the  location  and  does  not  represent  any 
absolute  ranking.  Lists  of  the  main  plant  species  on  each  plot  were 
made  at  the  time  they  were  set  up.  Table  2 gives  the  locations  and 
descriptions  of  each  of  the  study  plots.  In  August,  an  additional  seven 
disturbance  and  control  plots  were  set  up,  three  along  the  Everett  dust 
transect  near  Toolik  Camp  (at  APL  117-3),  two  along  the  Everett  dust 
transect  near  the  abandoned  Sagwon  airfield,  and  two  at  the  oil  spill 
site  north  of  Franklin  Bluffs,  between  MS  133-2  and  MS  133-3. 

To  obtain  a measure  of  the  temperature  regime  on  the  primary  study 
plots,  a set  of  2b  temperature  integrator  tubes  (using  the  sucrose 
inversion  method;  Berthet  i960)  were  placed  on  each  of  the  plots. 
Fourteen  of  the  plots  were  set  up  in  June  and  the  remainder  in  August. 

Ir-  August,  two  of  the  eight  replicate  series  on  each  of  the  plots  were 
returned  to  Fairbanks  where  the  temperature  sum  was  determined.  The 
remainder  of  the  tubes  will  be  retrieved  in  June  -978.  Lignin  decompo- 
sition potential  will  be  measured  by  weight  loss  from  wooden  tongue 
depressors  which  were  placed  in  August  at  three  depths  and  horizontally 
in  eight  replicates  (for  a total  of  2b)  at  each  plot.  Cellulose 
decomposition  potential  will  be  measured  by  using  loss  of  tensile 
strength  from  special  cotton  strips  placed  vertically  into  the  ground 
(Latter  and  Howson  1977).  Sixteen  cotton  strips  were  placed  around  each 
of  the  plots  (to  minimize  trampling  within  the  plot)  in  August.  Half  of 
the  replicates  of  both  the  lignin  and  the  cellulose  will  be  retrieved  in 
August  1978  and  the  other  half  in  August  1979*  In  both  June  and  August, 
replicate  series  of  ten  cores  (5  cm  diam)  were  taken  on  each  plot. 


Results 


The  number  of  species  of  mites  and  Collembola  found  at  each  of  the 
sites  sampled  by  MacLean,  Behan  and  Vjellberg  in  1976  is  summarized  in 
Table  1.  The  existence  of  latitudinal  trends  in  species  richness  is  one 
Of  the  basic  generalizations  of  biogeography:  fewer  species  are  found 
at  higher  latitudes.  This  trend  does  not  occur  in  Collembola  along  the 
transect.  The  number  of  species  found  on  the  Arctic  Coastal  Plain, 
foothills,  and  south  slope  tundra  is  virtually  identical,  with  fewer 
species  found  in  the  Brooks  Range  north  of  treeline.  The  species 
richness  of  mites,  and  particularly  the  dominant  Oribatei  (Cryptosfcig- 
mata)  does  increase  steadily  from  north  to  south  along  the  transect. 
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Table  3. 


Site 

Acar  1 

Col  1 embola 

95Z  conf 

% top 

952  conf 

y,  top 

1 nd/m^ 

T 

( 

( u p / 1 ow ) 

2 . 5cm 

1 nd/m^ 

(up/ low) 

2 . 5c  m 

1 

Prudhoe  Bay  (Wet) 

2,470 

T.IOO) 

970) 

94 

21,600 

(T2,9(T0y 

( 8,910) 

90 

2 

Prudhoe  Bay  (Dry) 

14,870 

( 

( 

25, 540) 

8 , 080) 

83 

44,990 

(66,940) 

(23,620) 

91 

( 

35,390) 

82 

(20,9)0) 

i 

Franklin  B1 . (Dry) 

27,450 

( 

20,990) 

12,980 

( 7,130) 

76 

( 

9,270) 

( 8,530) 

4 

Franklin  B1 . (Wet ) 

5,920 

( 

3,610) 

94 

2,670 

( 570) 

90 

( 

35,200 

(11,100) 

5 

Sagwon  (Drv) 

19,4  50 

( 

9,880) 

88 

6,910 

( 4,080) 

65 

< 

30,270) 

( 6,160) 

6 

Sagwon  (Wet) 

16,  190 

( 

8,100) 

87 

1 ,780 

( 330) 

62 

5,860 

( 

9,500) 

76 

( 3,090) 

7 

Tool ik  (Wet) 

( 

3,420) 

1 ,820 

( 1,000) 

79 

( 

19,200) 

( 7,640) 

H 

Too  1 i k ( Dry ) 

10,1 90 

( 

4,900) 

82 

3,870 

( 1,750) 

75 

( 

14,550) 

( 5,910) 

9 

At i gun  ( Wet ) 

8,170 

( 

4,240) 

83 

1 ,890 

( 430) 

74 

(121,690) 

73 

(66,270) 

10 

At i gun  (Dry  ) 

85,420 

( 

58,290) 

29,780 

(11,380) 

64 

(101,420) 

(41,110) 

1 1 

Chanda  la r (Drv) 

77,150 

( 

57,720) 

68 

29,480 

(20,670) 

73 

68,600 

( 

94, 1 10) 

(15,900) 

1 2 

Chanda lar  (Wet) 

( 

48,880) 

71 

1 1,230 

( 7,730) 

70 

13 

( 

63,630) 

(28,770) 

Cobbler's  Knob 

42,320 

( 

27,090) 

59 

21,100 

(15,150) 

56 

14 

53,380 

( 

56,880) 

(41 ,270) 

Hlckei  Hwy 

< 

18, 320) 

85 

10,320 

( W450) 

78 

15 

40,990 

( 

50,760) 

(19,310) 

F lnger  Mtn . 

( 

32,770) 

68 

13,620 

( 9,350) 

67 

16 

El  1 lot t Ffwy  Burn 

16,130 

( 

32,970) 

(12,630) 

( 

6,950) 

72 

6,500 

( 3,000) 

75 

17 

( 

51,970) 

(19,690) 

Elliott  Uwy  Control 

44,020 

( 

37,070) 

74 

1 5,720 

(12,410) 

66 

Thus,  the  two  major  microfaunal  groups  differ  in  this  regard.  It  should 
be  noted,  however,  that  inclusion  of  forested  habitats  south  of  the 
Brooks  Range  would  doubtless  increase  the  species  richness  of  both 
groups.  Both  groups  have  sufficient  species  richness  in  northern  Alaska 
to  provide  a large  pool  of  potential  information  to  be  used  in  disturb- 
ance-oriented studies. 

Upon  return  to  Faix’banks  the  soil  cores  taken  in  June  and  August 
1977  were  extracted  for  microarthropods  and  then  percent  accumulated 
organic  matter  was  determined  by  weight  loss  on  ignition  of  the  dried 
sample.  Over  1000  samples  (2.5-cm  segments  of  cores)  were  extracted  and 
organic  matter  determinations  were  done  on  most  of  these.  Table  3 gives 
mite  and  collembola  abundances  in  individuals  per  m^  for  the  June  1977 
samples,  representing  some  20,000  animals  counted.  The  high  variance  is 
the  result  of  a clumped  distribution  of  the  organisms.  Collembola 
showed  no  discernible  latitudinal  trend  in  abundance,  whereas  mites  tend 
to  increase  in  abundance  from  north  to  south,  in  parallel  with  the 
species  richness  determined  in  1976.  Both  mites  and  Collembola  have 
greater  abundance  in  dry  than  wet  habitats  at  any  given  latitude  along 
the  transect.  On  all  plots  except  the  Prudhoe  Bay  sites,  mites  were 
more  abundant  than  Collembola.  The  range  of  variation  in  abundance  of 
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mites  and  Collembola  was  certainly  greater  than  the  range  of  variation 
in  productivity  of  the  habitats  sampled,  implying  that  we  are  not  yet 
able  to  predict  with  accuracy  the  abundance  of  soil  invertebrates 
occurring  in  any  particular  habitat  along  the  transect. 

Table  3 also  gives  the  proportion  of  the  fauna  in  the  top  5 cm 
occurring  in  the  top  2.5  cm  of  the  soil  profile,  as  an  index  of  depth 
distribution.  As  in  1976,  the  greatest  surface  concentration  of  the 
fauna  occurred  at  the  two  arctic  coastal  plain  locations.  On  the  south 
side  of  the  Brooks  Range  there  is  a tendency  for  a smaller  proportion  of 
the  fauna  to  concentrate  in  the  surface  layer,  especially  on  the  drier 
sites.  Mites  tended  toward  greater  surface  concentration  than  Collem- 
bola, consistent  with  the  1976  work  and  data  from  Barrow  (Douce  and 
Crossley  1977).  As  with  total  abundance,  the  generalizations  are  not 
sufficiently  strong  to  allow  accurate  prediction  of  depth  distribution 
of  soil  fauna  in  an  unknown  area  along  the  transect. 


Discussion 


As  of  yet,  we  are  unable  to  offer  a model  to  predict  with  accuracy 
the  abundance  and  depth  distribution  of  the  soil  fauna.  The  Soviet 
zoogeographic  literature  stresses  the  concept  of  zonal  regularity  in 
faunal  and  floral  community  structure.  These  results  indicate  that 
broad  generalizations  may  be  made,  but  any  given  habitat  may  deviate 
widely  from  the  "zonal  type." 

Work  is  in  progress  on  the  counting  and  sorting  of  the  August 
samples,  and  preliminary  analysis  of  the  June  results  continues. 
Identification  of  individual  animals,  to  species  where  possible,  will  be 
done  and  biomass  estimated  by  regression  on  size  measurements  (Douce 
976,  Petersen  1975).  These  data  will  allow  the  distributions  of 
particular  species  to  be  compared  and  used  as  indices  of  environmental 
change.  For  example,  while  abundance  of  major  faunal  groups  is  only 
weakly  related  to  moisture,  the  species  that  compose  the  fauna  show 
distinct  differences  in  distribution  along  moisture  gradients.  Thus, 
the  effect  of  surface  runoff  impoundment  should  be  immediately  apparent 
in  the  composition  (but  not  necessarily  total  abundance)  of  the  soil 
fauna.  Community  structure  will  be  analyzed  by  means  of  various  indices 
of  dominance,  diversity,  and  association,  correlation  with  environmental 
parameters,  and  analysis  of  variance. 

This  study,  as  well  as  others,  indicates  that  soil  mites  and 
Collembola  are  highly  aggregated  in  nature.  This  fact  explains  the  high 
variance  in  the  June  abundance  data.  Thus  in  some  samples  there  are  an 
average  of  five  or  more  mites  and  Collembola  per  cm^  whereas  in  others 
there  is  an  average  of  considerably  less  than  one  individual  per  cm’’ . 
normalizing  transformations  of  the  existing  abundance  data  allows  the 
estimation  of  the  sample  sizes  necessary  to  show  significant  differences 
between  the  mean  densities  of  any  given  pair  of  habitats.  For  example, 
6U  samples  would  be  necessary  to  show  a significant  difference  (at  the 
5%  level)  between  the  mean  densities  of  Collembola  on  the  Prudhoe  Bay 
wet  and  dry  sites,  whereas  the  ten  samples  in  hand  suffice  to  show 


96 


T 


a significant  difference  between  the  mean  densities  of  mites  on  the  same 
sites . 
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PROJECT  5.  DISTRIBUTION  AND  PROPERTIES  OF  ROAD  DUST 
AND  ITS  POTENTIAL  IMPACT  ON  TUNDRA  ALONG  THE 
NORTHERN  PORTION  OF  THE  YUKON  RIVER-PRUDHOE  RAY  HAUL  ROAD 


Introduction 


Several  individual  studies  are  being  conducted  under  this  project 
to  identify  the  chemical,  physical,  and  mineralogical  properties  of  the 
dust  and  chemical  modifications  to  the  vegetation.  Responses  of  the 
vegetation  and  invertebrate  fauna  are  being  examined  under  Projects  2 
and  A.  For  purposes  of  this  progress  report,  1977  results  will  be 
reported  in  three  parts:  collection  and  distribution  of  dust,  clay 
mineralogy  of  the  dust  and  related  materials,  and  preliminary  chemical 
investigations.  Results  of  this  project  are  being  compared  with  another 
DOE  report  entitled  Effects  of  Road  Construction  on  Nearby  Lakes  on 
Alaska’s  North  Slope. 


Dust  Col  lecti o n and  Distr i buti < > n 


K.R.  Everett 

Institute  of  Polar  Ctudies 
Ohio  State  University 


During  the  period  23  to  25  April  1977*  four  general  areas  were 
selected  for  summer  measurement  of  road  dust  impact.  In  order  to 
document  winter  dust  accumulation,  snow  samples  (from  snow  surface  to 
ground  surface)  were  collected  at  three  sites  (subsequently  chosen  for 
summer  measurements)  either  side  of  the  road  at  distances  of  8,  30,  125, 
312,  500  and  1000  m.  Electrical  conductivity  measurements  and  trace 
element  determinations  were  made  on  the  incorporated  dust. 


Beginning  on  23  June  1977,  dust  collection  transects  were  set  out 
near  Toolik  Lake,  Cagwon  Uplands,  Franklin  Bluffs  and  Prudhoe  Bay  (Fig. 
1).  At  each  site  the  following  instrumentation  was  deployed: 


a)  Pairs  of  shielded  dust  collecting  pans  (Fig.  2)  were  positioned 
at  Intervals  of  8,  30,  125*  312,  500  and  1000  m from  either  edge  of  the 
road  at  each  site  except  Prudhoe  Bay  where  a single  transect  was  laid 
out  north  of  the  road.  Each  collection  pan  had  a catchment  area  of  2^4 1 


b)  A Woelfle-type  mechanical  wind  recorder  was  positioned  at  188  m 
along  each  collection  transect  on  one  side  of  the  road  only  (see  Figure 
1 for  locations).  These  recorders  provided  a continuous  record  of  wind 
direction  and  velocity  for  the  period  of  record  ( Ph  June  to  1*  September) 

c)  A static  non-directional  dust  recorder  was  placed  188  m along 
the  dust  measurement  transect  and  16  m from  the  wind  recorder  if  it  was 
on  the  same  side  of  the  road. 
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Figure  1.  Relative  positions  of 
transects  with  respect  to  Haul  Road 
orientation  at  each  of  the  four  dust 
collection  sites.  Transect  line  on 
each  side  of  road  equals  1000  m. 
Triangle:  inertial  dust  collector. 
Dot:  wind  recorder. 


SAGWON 


PRUDHOE  BAY 


Figure  2.  Shielded  dust  collectors,  west  transect  at 
Toolik  site.  The  241-cm 2 collecting  pans  are  inside  the 
shielded  boxes.  Inertial  duet  collector  and  wind  recorder 
are  located  on  opposite  transect. 
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Figure  3.  Schematic  showing  posi- 
tions of  dust  collectors,  wind  re- 
corder and/or  inertial  dust  collec- 
tor. Right-hand  collectors  (8,  30 
and  126  m),  right-  and  left-hand 
collectors  (312,  600  and  1000  m) , 
bulk  collector  and  unshielded  control 
collected  at  the  termination  of  sample 
period.  Remaining  collectors  sampled 
at  1-month  intervals.  This  pattern 
is  repeated  on  the  opposite  side  of 
the  road  except  for  the  Prudhoe  Bay 
site. 


d)  On  23  July  a supplemental  collection  device  was  placed  8 m off 
one  or  both  sides  of  the  road  depending  upon  the  site  (Fig.  3).  The 
collector  consisted  of  a plastic  bag  stretched  so  that  the  collection 
area  was  876  cm,J . These  collectors  provided  bulk  samples  for  clay 
mineral  identification. 

<2 

e)  On  23  July  an  unshielded  aluminum  collecting  pan  {2hl  cm^ 
surface  area)  was  placed  at  8 m on  either  side  of  the  road  at  all  four 
sites.  This  was  done  to  provide  a comparison  Of  collection  efficiency 
between  the  shielded  and  unshielded  collectors. 

f)  Soil  samples  were  collected  at  each  of  the  four  sites  near  the 
position  of  each  pair  of  shielded  dust  collectors.  The  samples  were 
taken  at  the  base  of  the  vegetation  from  0 to  2.5  cm  and  2.5  to  5 cm  ( 81* 
samples ) . 


Dust  sample  collection  was  begun  on  17  June  according  to  the 
following  scheme  (Fig.  3). 

a)  Facing  the  line  of  transect  the  shielded  collectors  on  the  left 
at  8,  30  and  125  m were  collected  every  30  days.  The  shielded  collec- 
tors on  the  right  side  at  8,  30  and  125  m were  collected  at  the  end  of 
the  sampling  period  (87  days).  The  shielded  collectors  at  312,  500  and 
1000  m (both  right  and  left)  were  combined  and  collected  at  the  end  of 
the  sample  period.  This  was  necessary  to  insure  sufficient  sample 
because  of  the  low  yield  at  these  distances. 

b)  The  bulk  (clay  analysis)  sample  and  the  unshielded  collectors 
were  taken  up  at  the  end  of  the  summer. 

c)  The  inertial  collectors  were  removed  at  the  end  of  the  summer. 
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Analyses  and  results 

The  following  analyses  are 
underway  or  completed. 

a)  The  unshielded  bulk 
samples  were  washed  and  filtered. 
The  material  retained  on  the  ~20 
urn  filter  was  sent  to  Dartmouth 
(see  Reynolds  project)  for  analysi 
The  fi ltrate  was  retained  for 
microparticle  analysis.  As  an 
example,  the  filtrate  from  the 
collector  at  8 m,  east  side  at 
Franklin  contained  133,250  par- 
ticles ranging  from  ]6.0  to  0.50 
pm.  Similar  counts  will  be  made 
on  the  remaining  samples.  SEM 
analysis  is  proposed  for  the 
particles  retained  on  the  Milli- 
pore  filter. 

b)  All  samples,  representing 
the  entire  sample  period  (right 

side)  and  the  312-,  500-  and  1000-m  composite  samples,  have  been  washed, 
centrifuged  and  weighed.  Each  sample  was  then  treated  with  30$  hydrogen 
peroxide  to  remove  organic  residues  arid  reweighed.  Organic  inclusions 
(vegetation  fragments  and  insects)  accounted  for  a substantial  part  of 
the  sample  weight  from  the  distant  collectors  at  all  sites.  Preliminary 
total  summer  plots  of  these  data  show  a surprisingly  close  correspondence 
in  line  slope  for  all  sites  (as  well  as  between  opposing  transects  at 
each  site;  Fig.  u for  Toolik).  This  suggests  the  rather  uniform  influ- 
ence of  some  factor,  probably  wind  direction  and  speed.  More  definite 
interpretations  must  await  further  analyses  of  the  wind  data. 

c)  The  samples  obtained  monthly  from  the  shielded  collectors  at  8, 

30  and  125  m (left  side)  and  the  unshielded  comparison  collectors  at  8 m 
(70  samples  in  all)  are  being  processed  in  a manner  similar  to  (b). 

d)  The  soil  samples  have  been  dried,  ground  and  passed  through  a 
2-mm  sieve.  A 10-g  (or  less)  alliquot  has  been  leached  with  ammonium 
acetate  (30  minutes).  The  leachate  was  analyzed  for  Ca,  Mg,  K and  !!a 
ions  by  means  of  atomic  absorption  spectrophotometry. 

These  data  indicate  the  quantity  and  distribution  of  ions,  some  of 
which  (Ca  and  Mg)  might  be  expected  to  produce  plant  growth  response. 
These  data  (those  for  Toolik  are  shown  in  Figure  5)  are  difficult  to 
interpret  for  a number  of  reasons,  primarily  because  of  the  wide  range 
in  elemental  concentrations  that  can  occur  over  short  distances  within  a 
relatively  homogeneous  appearing  soil-microrelief  unit.  Much  of  this 
variability  results  from  subtle  microsite  differences  which  include 
point  to  point  differences  in  composition  of  the  exchange  comp] ex.  Thus 
it,  is  likely  that  any  given  value  obtained  from  so  few  data  points  is 
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Figure  4.  Dust  load  from  Toolik 
transect. 
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likely  to  fall  within  the  range  of  that  variable  within  the  soil  unit  in 
question.  Trends  in  data  thus  become  more  significant  than  absolute 
values . 
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Simple  visual  inspection  of  the  Toolik  plots  suggests  a general 
peak  in  available  element  concentrations  at  U00  ft  (122  m)  and  a major 
depression  at  1600  ft  ( 1+88  m)  on  either  side  of  the  road.  If  the 
pattern  is  real  it  is  not  related  apparently  to  dust  volume.  However, 
it  may  be  related  to  particle  size  and/or  mineralogic  composition.  The 
Sagwon  data  generally  show  a peak  at  100  ft  (30  m)  and  a suggestion  of  a 
depression  between  1000  ft  (305  m)  and  1600  ft  (bB8  m).  In  contrast  the 
Franklin  and  Prudhoe  data  show  no  definable  trends. 

In  approximately  75%  of  the  cases,  the  values  for  the  exchange- 
able cations  are  significantly  greater  in  the  0-2  cm  soil  depth  than 
in  the  2-5  cm  depth.  This  is  a common  relationship  in  wet  tundra  soils 
in  which  leaching  is  insignificant  and  natural  atmospheric  infall  (ombi- 
trophic  conditions)  provides  one  of  the  principal  mechanisms  for  soil 
nutrient  enrichment.  Ions  may  enter  the  soil  directly  in  the  form  of 
soluble  salts  (lla,  Ca,  Mg).  They  may  be  released  from  primary  minerals, 
especially  those  in  the  clay  size  range,  through  chemical  weathering,  or 
by  replacement  on  the  exchange  complex  of  clay  minerals.  It  is  likely 
that  all  three  methods  of  input  are  operative  in  the  case  of  Haul  Road 
dust  although  release  from  primary  minerals  is  probably  much  too  slow  to 
be  effective  in  the  short  term.  The  relatively  high  percentage  of  clay 
mineral  species,  as  opposed  to  clay  size  silica,  in  the  Haul  Road  samples 
(Reynolds  and  van  Oss,  this  report)  suggests  that  exchange  complex 
replacement  may  be  significant. 

When  the  absolute  ionic  values  for  the  Toolik  and  Sagwon  dust 
transects  are  compared  with  the  limited  number  of  values  obtained  from 
similar  soils  at  similar  depths  in  the  1976  soil  survey  (ARO  Contract 
DAA-G29-76-G-0293 ) it  is  seen  that  although  the  dust  transect  values 
fall  within  the  range  of  the  soil  survey  values  they  are  greater,  es- 
pecially for  the  high  end  of  the  range,  and  this  is  particularly  true 
for  Sagwon.  Inasmuch  as  the  same  analytical  techniques  were  used  (dif- 
ferent technician)  in  both  years  the  elevated  values  of  the  dust  tran- 
sects are  regarded  at  this  time  to  be  related  to  road  dust  additions. 

e)  Wind  direction  and  velocity  charts  have  been  reduced  and  data  ab- 
stracted hourly,  and  daily  means  calculated.  Figure  6 shows  the  wind 
rosette  for  two  12-hr  periods  for  the  summer  at  the  Toolik  site.  There 
is  a definite  difference  in  direction  and  velocity  for  these  two  periods. 
This  diurnal  trend  seems  to  hold  for  the  other  sites. 

loriclusions 

F.xperience  with  dust  collection  methods  used  in  1977  indicates: 

a)  The  shielded  collectors  do  not  adequately  sample  the  dust  fall. 
Values  less  than  the  total  fall  are  recorded. 

b)  Gample  recovery  methods  must  be  modified  to  reduce  field  and 
laboratory  transfer  steps. 


103 


Figure  6.  Wind  rosettes  and  wind  velocity  for  day  and 
night  conditions  for  Toolik  transect. 

c)  Supplemental  (event)  air  samples  are  desirable  at  several  height 
above  the  surface;  a portable  10-m  tower  is  recommended. 

d)  Traffic  monitoring  (event)  is  necessary  to  supplement  (c). 

e)  The  program  should  be  continued  and  possibly  several  additional 
sites  added  during  the  course  of  proposed  use  of  the  Haul  Road  for  gas 
pipeline  construction. 


C . ay  Mine  r a 1 ogy  * 


R.C.  Reynolds  arid  H.O.  van  Oss 
Dartmouth  College 


The 
mineral s 
the  road 
adjacent 


purpose  of  the  present  study  was  to  determine  the  type  of  clay 
added  to  the  tundra  from  road  duct.  Camples  were  obtained  from 
and  adjacent  material  sites  including  bedrock  exposures, 
tundra  soils,  and  the  dust  itself. 


Samples  were  collected  by  Richard  Haugen  (CRREL)  in  June  1977  and 
Hendrick  van  Oss  in  July  1977  during  a round  trip  from  Prudhoe  Bay  to 
the  Brooks  Range  (Table  l).  The  road  and  material  site  samples  were 
sieved  in  the  field;  materials  coarser  than  2 mm  were  discarded.  The 
soil  samples  were  collected  at  varying  distances  (between  100  and  300  m) 
on  either  side  of  the  road.  A few  of  the  soil  samples  were  taken  from 
frost  boil  material;  most,  however,  were  taken  from  the  gley  horizon 
that  existed  10-15  cm  below  the  organic-rich  surface  layer.  This 
mineral  layer  should  be  uncontaminated  as  it  is  overlain  by  tens  of 
centimeters  of  dense  organic  matter.  The  gley  samples  are  generally 
plastic,  indicating  a high  clay  content.  They  did,  however,  contain 
coarser  clastic  material  in  addition  to  the  clay.  The  soil  samples  were 
sealed  in  plastic  bags  to  maintain  their  moisture  content.  Three 
bedrock  samples  were  also  collected  (No.  lib,  15,  27d),  and  four  dust 
samples  (No.  6b,  27e,  30d,  32c)  were  supplied  by  Dr.  Kaye  Everett  of 
Ohio  State  University. 


DaDoratory  analysis 

The  clay  mineralogy  determinations  were  made  by  X-ray  diffraction 
analysis  at  the  Department  of  Earth  Sciences,  Dartmouth  College,  Hanover, 
New  Hampshire,  by  Hendrik  van  Oss.  The  analysis  procedure  was  as 
follows.  Between  10  and  30  g of  material  was  agitated  in  water  overnight 
to  release  clays  into  suspension.  If  the  sample  was  consolidated,  minor 
grinding  was  done  preliminary  to  the  agitation.  The  suspension  was 
washed  to  remove  soluble  salts  by  centrifuging  at  2000  rpm  for  ten 
minutes.  This  left  most  of  the  material  nettled  at  the  bottom  of  the 
centrifuge  cup.  The  remaining  suspension  was  discarded.  About  60  ml 
distilled  water  was  added  to  the  bottom  material  which  was  then  brought 
again  into  suspension  by  a combination  of  stirring  followed  by  ultra- 
sonic agitation.  A peptising  agent  (Na^PpO  *10  H,,0)  was  then  added  to 
the  suspension,  which  was  then  further  ultrasonically  agitated  for  about 
20  seconds.  This  procedure  causes  the  clay  particle  aggregates  to 
def loccul ate . The  next  step  was  to  centrifuge  the  def locculated  suspen- 
sion for  ten  minutes  at  U50  rpm.  The  procedure  leaves  the  <2-pm  clay 


*This  report  is  abstracted  from  a final  report  to  CRREL  by  Dartmouth 
College  in  November  1977  entitled,  "Clay  mineralogy  of  road  materials 
and  soils  along  the  northern  section  of  the  Yukon  River-Prudhoe  Bay 
Haul  Road,  Alaska." 
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Table  1.  Sample  sites. 

(See  appended  maps  for  locations.) 

Samp  It*  Loc.it  Ions 


Held 

Number 

CRREI.  Map 
Number 

l.ocat i on 

Road 

and  Material  Site 

* Samples 

1 

R-l 

111-? 

2 

R-2* 

MS  112-0 

1 

R-  1 

MS  112-3.1 

4 

R-4 

stream  sediments  at  At  igun  Rive 

•r  Bridge 

3 

R-3 

ORRI'.I.  114-1  ABC 

ho 

R-b 

Tool  Ik  Lake  material  site 

7 

R-  7 * 

Cross-section  117-1 

8.i 

R-8 

117  API. -3 

10 

R-10 

MS  1 1 7-2 

1 l.i 

R-l 1-  1 

Slope  Mountain  material  site 

12 

R-12 

MS  1I9-4N 

1 1 

R-l  1* 

CRREI.  119A-1 

14 

R-  1 4 

MS  121-1 

lb 

R-l  b* 

CRREI.  1 22-1 A • 

1 7 

R-l  7 

MS  124-1 

18 

R-18 

CRREI.  124-1 

21 

R-2 1 

12b  API. -AMS  1A 

22 

R -22* 

MS  1 27-1 .2 

24 

R-  24* 

CRREI.  127-2 

’ 3u 

R -21 

MS  127-2. IB 

2h 

R-2b* 

0.4  km  nort  h of  CRREI.  1 27-  1 

2 7a 

R-2  7 

CRREI.  127-1 

28 

R-  28 

MS  1 10-3  (MS  1 10- 1) 

29 

R-29* 

MS  132-1 

10a 

R-  10 

Frank  1 in  Bluf  i 

11 

R-  11  * 

MS  m-ABC-2 

12  . 

R-  12-1  * 

lias  Arctic  Road 

12h 

R-  12-2 

lias  Arct  ic  Road 

1 1 

R-  1 1 

Prudhoe  Bav  gravel  site 

Tund  r.i  So  i 1 Sump  1 1 

•s 

8b 

R-8W 

117  API. -3  , 200  m west 

of 

road 

8, 

R-81 

1 1 7 API.- 3 200  m east 

of 

road 

9 

R-9 

117-1  , 1 00  m west 

of 

road 

19 

R-  19 

MS  124-4  .'  100  m east 

of 

road 

20a 

R-20W 

0.8  km  north  of  MS  124-2 

100  m west 

of 

road 

20b 

R-20F. 

0.8  km  north  of  MS  124-4 

100  m east 

of 

road 

2 la 

R-2  1W 

CRREI.  127-2  100  m west 

of 

road 

2 lb 

R-2  IF 

CRREI.  127-2  100  m east 

of 

road 

2Sb 

R-23W 

MS  127-2. IB  100  m west 

of 

road 

2 7b 

R-2  71. 

CRREI.  127-1  Sagwon  I'pland 

200  m east 

of 

road 

27* 

R-27W 

CRREI.  127-1  Sagwon  I'pland 

10a 

R-  10W 

Franklin  Bluff  200  m west 

of 

road 

10b 

R-  101 

Franklin  Bluff  200  m east 

of 

road 

Red roe  k Sump  1 es 

1 l.» 

R-l 1-2 

Slope  Mountain 

13 

R-13 

Happv  Valiev  Cut 

27d 

R-2  78 

Sagwon  1 pi  and  sandstone 

Dust  Samples  (Supplied  bv  Fverett) 

8b 

DT-ll. 

Too  1 i k Road  (117API.-3) 

27  v 

in -si 

Sagwon  West 

10d 

in-i  b 

1 rank  1 1 n West 

12* 

DT-PB 

Prudhoe  Road  (Las  Arctic  Sit 

e) 

*<« . I It-,  ted  h\  K . Il.nn’cn,  ISA  CRRH.,  Itine,  1977. 
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fraction  in  suspension.  This  suspension  was  decanted.  A clay  mount  was 
prepared  of  the  sample  by  centrifuging  the  clay  fraction  suspension  (1.0 
minutes,  2000  rpm)  onto  a porous  porcelain  plate.  This  step  was  general ly 
repeated  once  in  order  to  achieve  a reasonable  clay  thickness  on  the 
plate.  The  clay  mount  was  then  air-dried  at  room  temperature  and  further 
dried  for  several  hours  at  about  100  C.  The  clay  mount  was  then  X-rayed 
using  Hi-filtered  Cu  K-alpha  radiation;  scans  were  made  from  30^  to 
2 26  at  a speed  of  2J  29  per  minute. 


In  order  to  allow  determination  of  an  expandable  clay  (such  as 
montmorill unite)  component,  the  clay  mounts  were  then  glycolated  by 
exposing  the  clay  mounts,  upside  down,  to  an  atmosphere  saturated  with 
ethylene  glycol  vapor  at  60  C for  a minimum  of  8 hours.  The  mounts  were 
then  X-rayed  again. 

To  confirm  the  presence  of  chlorite,  the  clay  mounts  were  placed  in 
a 550  C oven  for  1 hour.  This  treatment  causes  the  001  peak  of  well- 
crystallized  chlorite  to  be  enhanced  and  its  other  peaks  to  be  decreased. 
It  also  converts  any  kaolinite  to  meta-kaolinite,  thus  removing  kaolin- 
ite  peaks  from  the  dif f ractogram.  If,  however,  the  chlorite  is  poorly 
crystallized,  all  of  its  peaks  will  be  destroyed  by  this  heat  treatment. 

because  chlorite  and  kaolinite  share  many  of  the  same  peaks  (es- 
pecially the  7 ft  and  3.5  ft  peaks)  on  a dif fractogram,  it  is  very  diffi- 
cult to  identify  kaolinite  with  the  above  procedures.  It  is  thus  neces- 
sary to  selectively  remove  the  chlorite.  This  was  accomplished  by 
taking  fresh  material  from  17  samples  and  heating  them  in  211  HC1  at 
about  85  C for  U hours.  A clay  mount  was  then  made  of  each  sample  by 
the  method  described  above,  but  it  should  be  noted  that  since  the  HC1 
treatment  adds  salt  to  the  suspension,  it  was  necessary  to  wash  the 
suspensions  four  times  by  centrifugation  prior  to  introduction  of  the 
peptising  agent.  The  HC1  treatment  removes  all  but  the  most  Mg-rich 
chlorite,  and  leaves  any  kaolinite  unaffected. 

I'esu  1 ts 

The  X-ray  di f fractogram  peaks  were  assigned  to  clay  minerals  as 
follows:  the  h.'i  ft  peak  is  quartz,  the  5 and  10  ft  peaks  are  illite,  the 
7 ft  peak  is  chlorite  and/or  kaolinite.  The  i U ft  peak  is  assigned  to 
chlorite,  and,  for  the  glycolated  clay  mounts,  the  17  ft  leak  is  assigned 
to  montmorillonite.  Certain  peak  asymmetries  (especially  for  the  roughly 
3.35ft  peak)  and  a peak  "platform"  after  glycolatioi. , iri  the  range  of 
10  to  20  ft,  are  assigned  to  a mixed-layer  clay  with  an  expandable  com- 
ponent . 


The  clay  mineralogy  of  all  samples  (road  material,  tundra  soil, 
dust,  and  bedrock)  was  virtually  identical.  The  mineralogy  was: 
chlorite,  illite,  a mixed-layer  expandable  clay,  and  minor  quartz.  A1 
non-soil  samples  contained  minor  amounts  of  calcite.  The  low  pH  and 
high  moisture  content  would  preclude  the  presence  of  calcite  in  the 
tundra  soils.  Of  the  17  samples  treated  with  211  HC1  (these  included 
samples  from  all  categories),  1 6 showed  kaolinite. 


Dried  IOO°C 


10  15  20  25  30 


10  15  20  25  30 


5 10  15  20  25  30 


Degrees  29 

Figure  1.  X-ray  diffractogramc  of  road  duct  dried  at  100° C 


Only  three  samples  (No.  30a,  32a,  32b)  showed  discrete  moritmoril- 
lonite.  These  are  road  material  samples  from  locations  at  Prudhoe  Bay. 
Four  samples  (No.  10,  29,  30b,  32b)  had  small  jjeaks  in  the  8-9  8 
range.  These  peaks  are  tentatively  assigned  to  a zeolite  mineral.  A 
lack  of  other  good  peaks  precludes  a specific  identification.  Two 
samples  (No.  18,  27d)  had  peaks  at  about  11.3  8,  probably  indicating  a 
mixed  layer  clay.  Five  samples  (No.  3,  23a,  23b,  25a,  30c)  had  peaks  at 
6.3  8;  this  probably  represents  lepidocrocite  (FeO(OH)).  These  minor 
peaks  were  all  destroyed  during  the  550  C treatment.  Because  the 
assigned  materials  all  contain  either  H^O  or  OH  groups,  this  result 
is  not  surprising. 

The  550  °C  treatment  revealed  the  only  apparent  difference  between 
the  tundra  soil  and  other  samples.  All  but  one  of  the  tundra  soil 
samples  either  failed  to  show  a lb  8 peak  after  this  treatment,  or  had 
their  lb  A peak  reduced  in  intensity  from  that  generated  after  simple 
air-drying.  However,  virtually  all  other  samples  showed  the  expected 
enhancement  of  the  lb  8 peak.  It  is  interesting  to  note  that  with  many 
of  the  samples  (of  all  categories),  the  10  8 (illite)  peak  was  reduced 
in  intensity  and  the  large  peak  at  about  3.36  8 experienced  a signifi- 
cant increase  in  intensity,  following  the  550fC  heat  treatment. 

Di ff ractograms  for  the  dust  samples  are  shown  in  Figure  1.  The 
complete  set  of  diff ractograms  for  all  samples  listed  in  Table  1 is 
on  file  at  CRREL. 

Interpretations  and  conclusions 

The  fact  that  the  bedrock,  road  materia],  and  material  site  samples 
all  have  the  same  clay  mineralogy  is  not  surprising.  Most  of  the  road 
material  came  from  gravel  deposits  of  the  Sagavanirktok  River  which  are 
derived  from  the  Brooks  Range.  The  alluvial  fan  material  is  derived 
directly  from  bedrock  of  the  Brooks  Range. 

The  tundra  soil  clay  mineralogy  is  also  the  same  as  that  of  the 
other  samples.  Had  these  soils  developed  in  place,  one  might  expect  a 
different  mineralogy  as,  for  example,  more  montmorillonite.  The  tundra 
soil  di ff ractograms  had  good  sharp  peaks,  indicating  good  crystallinity. 
However,  the  failure  of  the  chlorite  001  ( ib  8)  peak  to  be  enhanced 
after  the  550  C heat  treatment  indicates  that  the  soil  chlorite  is  less 
well  crystallized  than  chlorite  in  the  other  samples.  This  difference 
is  interpreted  as  indicating  that  the  soils  are  in  fact  derived  from 
transported  material  of  Brooks  Range  origin,  the  chlorite  having  de- 
graded or  weathered  somewhat  since  deposition  of  the  soil  material. 

Of  interest  also  is  the  restriction  of  discrete  montmorillonite  to  three 
samples,  all  located  in  the  vicinity  of  Prudhoe  Bay.  These  were  all 
road  samples,  and  the  presence  of  montmorillonite  in  them  is  inter- 
preted as  being  the  result  of  drilling  mud  contamination.  Drilling  mud 
is  rich  in  bentonite  (and  thus  montmorillonite)  and  the  mud  had  been 
spread  to  control  road  dust. 
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Chemical  Composition  of  Dust  and  Vegetation 


I.K.  Iskandar,  S.  Quarry  and  J.  Brown 
U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory 


Selective  moss  and  lichen  samples  from  the  Toolik  dust  site  were 
analyzed  for  major  cations  as  a pilot  study  in  preparation  for  neutron 
activation  and  soluble  chemical  analyses.  Moss  samples  from  B-l  (30  m 
from  the  road)  and  F-l  (830  m from  the  road)  were  vertically  subdivided 
(see  Project  2,  Fig.  ll).  Several  lichens  were  also  selected  from  a 
site  2 5 m east  of  the  road.  The  samples  were  weighed  and  oven-dried, 
and  the  total  cample  was  digested  in  a mixture  of  3:1  (v/v)  of 
and  BC10i(  acids.  Cations  were  determined  by  a 303  Perkin  Rimer  atomic 
absorption  spectrophotometer.  Table  1 contains  our  preliminary  results 
and  comparisons  with  literature  values. 

The  moss  samples  were  collected  after  relatively  heavy  rain  which 
resulted  in  dust  being  washed  from  the  surface.  The  Na,  Ca  and  Mg 
concentrations  from  the  more  distant  moss  samples  (Fl)  show  lower 
concentrations  in  the  surface  layer,  suggesting  that  these  cations  had 

Table  1. 


Concentration  (pg/g) 

(dry  weight  basis)  Moisture 
Cample  Na K Ca  Mg  content  {%) 


Toolik* 


Moss  - 

hi 

-3m  from  road  - plant  tops 

1274 

4795 

4124 

4905 

404 

Moss  - 

hi 

-3m  from  road  - plant  mid 

1311 

2900 

2066 

2811 

697 

Moss  - 

hi 

- 3 a from  road  - plant  bottom 

1361 

2686 

4117 

1512 

777 

Moss  - 

Fl 

- 830  m from  road  - plant  tops 

1458 

5667 

2139 

1270 

532 

M03  S - 

Fl 

- 830  m from  road  - plant  mid 

1945 

5223 

4445 

2334 

686 

Lichens 

- 

Dactyl ina  arctica  - tops 

1491 

3380 

2355 

1525 

15 

Lichens 

- 

Dactylina  arctica  - bottoms 

2371 

4139 

2334 

2232 

14.8 

Li chens 

- 

Cetraria  cucullata  - whole 

1443 

3556 

6136 

1421 

14.3 

Error 

<455 

<3% 

<3% 

<2% 

Normal 

range  in  lichenst 

<1000 

<8500 

<9000 

<900 

harrow** 

Mosses 

— 

Oampylium  3tel latum 

400 

5500 

10000 

4200 

Mosses 

- 

Polytrichum  hyperboreum 

1100 

6600 

3000 

1800 

Mosses 

- 

Polytrichum  commune  var. 

1200 

8800 

1500 

1300 

Jenen3i 1 


•Lee  Project  2,  Toolik  map  for  locations  (Fig.  8). 
tTuominen  and  Jaakkola  (1973). 

••Rastorfer  (1974). 
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been  leached  by  the  rain.  Also  K is  highest  farther  from  the  road, 
possibly  reflecting  higher  clay  content.  The  moss  samples  closest  to 
the  road  show  higher  values  of  K,  Ca  and  Mg  on  the  surface,  which 
suggests  that  they  are  less  likely  to  be  leached  or  are  replenished  more 
readily  than  the  more  distant  samples. 

The  lichen  samples  chow  cation  concentrations  similar  to  the 
mosses.  However,  Ha  and  Mg  concentrations  are  much  higher  than  normal 
values  reported  by  several  investigators  and  presented  by  Tuominen  and 
Jaakkola  (1973).  It  is  possible  that  Ca  and  K are  also  higher. 

The  high  content  of  cations  is  due  to  the  presence  of  dust  in  the 
unwashed  specimens.  No  efforts  were  made  to  separate  the  dust  in  this 
preliminary  analysis.  The  neutron  activation  analyses  will  enable  us  to 
calculate  the  amounts  of  dust  within  the  plant  based  on  the  concentra- 
tion of  Sc.  It  is  known  that  Sc  is  present  in  very  low  concentrations 
ir.  biologice1  samples  compared  to  mineral  samples.  Also,  the  plant 
parts  will  be  washed  and  analyzed  and  both  the  vegetation  and  the  solids 
analyzed  separately  for  major  and  minor  elements  during  the  next  re- 
porting period. 

These  initial  results  warrant  additional  analyses  of  all  collected 
samples  both  east  and  west  of  the  road. 
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APPENDIX  1 


PROVISIONAL  CRREL  MAPS  AND  LEGEND  OF 
YUKON  RIVER-TO-PRUDHOE  BAY  HAUL  ROAD 


(Updated  15  March  1978) 
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Haul  Road  - 
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Trail 
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of  profiles  at  each  site) 

Walker  and  Webber  vegetation  map  (WW#) 
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Oil  pipeline-road  crossing 
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Road:  N from  Yukon 
Pipeline:  S from  Prudhoe  Bay 


MW 
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over  eight  ft  wide) 
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( 1.609/  mi  ■ km) 


(mi) 
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10 

16 
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20 

32 
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30 

48 
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40 

64 
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50 

80 
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418 

60 

97 
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435 

70 
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451 

80 
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90 
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161 
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110 

177 
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120 
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330 
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350 
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25  7 
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tor, 
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K1 
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® 


Murray  site 

Kubanis  weed/succession  transects  and  plots 
(A.W.  Johnson) 

Everett  soil  map  strip 

Dust  transects  and  location  (D 7-PB) 

Photo-vegetation  point  (L.  Johnson) 

Gas  line  transect  (L.  Johnson) 

Trail  site  (L.  Johnson) 

Chapin  trail  site  (with  Shaver) 

Chapin  fertilizer  site  (with  Shaver) 

MacLean  invertebrate  site 

van  Oss  road,  dust  and  soil  samples  (R.  Reynolds) 

Staff  gage  • suspended  sediment  sampling  point 
(L.  Onesti) 

Other  Agencies 

USGS  gaging  station  (crest-stage  gage) 

SCS  snow  course  (SC) 

Shacklette  (USGS)  vegetation  sample  site 


Maps;  Compiled  by  E.  Huke 
Edited  by  |.  Brown 
1 March  1978 
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APPENDIX  2 


DISTRIBUTION  FOR  CRREL-FHWA-AND-DOE  HAUL  ROAD  REPORTS 

Federal  Highway  Administration 
Mr.  Gene  Hanna  - Juneau 
Mr.  Glenn  Johns  - Juneau 
Mr.  Richard  Boeglin  - Juneau 
Mr.  Douglas  Smith  - Washington 
Mr.  David  Solomon  - Washington 
Dr.  C.F.  Scheffey  - Washington 
Mr.  Gerald  Love  - Washington 
Mr.  L.E.  Lybecker  - Portland 

Alaska  Department  of  Highways 

Mr.  Woodrow  Johansen  - Fairbanks 
Mr.  John  Simpson  - Juneau 
Mr.  David  McCaleb  - Fairbanks 
Mr.  David  Esch  - Fairbanks 
Mr.  Ray  Shumway  - Juneau 
Mr.  John  Umlauf  - Juneau 

Alaska  Pipeline  Office 

Mr.  M.J.  Turner  - Anchorage 
Dr.  Dwight  Hovland  - Anchorage 
Mr.  Larry  Means  - Washington 

Alaska  Natural  Gas  Transportation  System 

Mr.  Guy  Martin,  Department  of  the  Interior 

Mr.  John  Adger,  Federal  Energy  Regulatory  Commission,  DOE 

Ms.  Barbara  Blum,  Environmental  Protection  Agency 

Mr.  John  Fearnsides,  Department  of  Transportation 

BG  Drake  Wilson,  Corps  of  Engineers 

Colonel  Jessie  E.  Baldwin,  ANGTP 

Mr.  Philip  L.  Essley,  Federal  Energy  Regulatory  Commission,  DOE 
Mr.  Michael  Sotak,  Federal  Energy  Regulatory  Commission,  DOE 
Mr.  Lloyd  W.  Ulrich,  Pipeline  Safety,  DOT 
Mr.  Melvin  A.  Judah,  Pipeline  Safety,  DOT 

Alyeska  Pipeline  Service  Company 

Dr.  Frank  Fischer  - Anchorage 
Mr.  A.B.  Christopherson  - Anchorage 

Northwest  Alaska  Pipeline  Company 

John  W.  Viehweg,  Salt  Lake  City,  Utah 

Joint  State/Federal  Land  Use  Planning  Commission 
Mr.  Walter  Parker  - Anchorage 
Ms.  Ester  Wunnicke  - Anchorage 

Alaska  Department  of  Natural  Resources 
Dr.  Robert  LeResche  - Juneau 
Dr.  R.D.  Reger,  Fairbanks 
Mr.  William  Copeland  - Fairbanks 

r 

Alaska  State  Pipeline  Office 
Mr.  Amos  Mathews 
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Alaska  Department  of  Environmental  Conservation 
Mr.  Ernst  Mueller  - Juneau 
Mr.  Larry  Dietrick  - Fairbanks 
Mr.  David  Sturtevant  - Juneau 

Alaska  Department  of  Fish  and  Game 
Dr.  Ronald  Skoog  - Juneau 
Dr.  Ray  Cameron  - Fairbanks 
Mr.  Allan  Carson  - Anchorage 

Alaska  Division  of  Aviation 

Mr.  James  Rhode  - Anchorage 

State  of  Alaska  - Legislature 

Ms.  Jane  Williams  - Juneau 

State  of  Alaska  - Office  of  the  Governor 
Mr.  Douglas  Riggs  - Washington 

Bureau  of  Land  Management 

Dr.  William  Gabriel  - Anchorage 
Mr.  Carl  Jeglum  - Fairbanks 
Mr.  Roger  Bolstad  - Fairbanks 
Mr.  Carl  Johnson  - Fairbanks 
Mr.  Stan  Stowell  - Fairbanks 
Mr.  D.  Wickstrom  - Fairbanks 
Mr.  Larry  Knapman  - Fairbanks 

U.S.  Fish  and  Wildlife  Service 

Mr.  Lou  Pamplin  - Anchorage 

Corps  of  Engineers 

Mr.  A.  Muller  - Washington,  D.C. 

Mr.  Richard  Barnard  - Washington,  D.C. 

Mr.  Harlan  Moore  - Alaska  District 

Dr.  Rex  Eley  - Waterways  Experiment  Station 

Dr.  W.J.  Mikucki  - Construction  Engineering  Research  Laboratory 
Mr.  Noel  Urban  - Washington,  D.C. 

U.S.  Geological  Survey  and  Water  Resources  Division 
Dr.  Tom  Ovenshine  - Menlo  Park 
Dr.  Max  E.  Britton  - Reston 
Mr.  Harry  Hulsing  - Anchorage 
Mr.  Joseph  Childers  - Anchorage 
Dr.  John  Haugh  - Anchorage 
Dr.  Max  C.  Brewer  - Anchorage 
Dr.  Richard  Witmer  - Reston 

Army  Research  Office 

Mr.  O.W.  Morthland  - Research  Triangle  Park,  North  Carolina 
Dr.  Art  Dodd  - Research  Triangle  Park,  North  Carolina 
Dr.  Steven  Mock  - Research  Triangle  Park,  North  Carolina 

f 

Soil  Conservation  Service 

Mr.  Ted  Freeman  - Anchorage 

Mr.  George  Claggett  - Anchorage  u 


Dr.  Samuel  Rieger  - Palmer 

t 

National  Weather  Service  | 

Mr.  Richard  Unruh  - Anchorage  J 

Mr.  Tom  Bower  - Anchorage 
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U.S.  Forest  Service 

Dr.  Ted  Dyrriess  - Fairbanks 

Dr.  Charles  Slaughter  - Fairbanks 

Dr.  John  Zasada  - Fairbanks 

Mr.  David  Densmore  - NCSU,  Raleigh,  N.C. 

Ms.  Joan  Foote  - Fairbanks 

National  Science  Foundation 

Dr.  Duwayne  Anderson  - Washington,  D.C. 

Dr.  Mort  Turner  - Washington,  D.C. 

Dr.  Ray  Stross  - Washington,  D.C. 

Dr.  Frank  Williamson  - Washington,  D.C. 

Interagency  Arctic  Research  Coordinating  Committee  (Washington,  D.C.) 

Dr.  Edward  Todd  - Chairperson,  IARCC,  NSF 
Mr.  Charles  1-lye rs  - NSF 

Dr.  H.O.  Graumann  - Department  of  Agriculture  (ARC) 

RADM  Harley  Nygren  - Department  of  Commerce  (NOAA) 

Colonel  E.W.  Friday  - Department  of  Defense 

Mr.  Robert  Jackson  - Corps  of  Engineers 

Dr.  Lawrence  Luhrs  - Department  of  Energy 

Dr.  William  Osburn  - Department  of  Energy 

Mr.  Clinton  Hall  - Environmental  Protection  Agency 

Dr.  Philip  Chen  - Department  of  Health,  Education  and  Welfare  (NH) 

Dr.  George  Gryc  - Department  of  Interior  (USGS) 

Dr.  Robert  Rowland  (Alternate)  - Department  of  Interior  (USGS) 

Dr.  Martin  Swetnick  - NASA 

Mr.  Theodore  Sellin  - Department  of  State 

Dr.  Charles  Bates  - Department  of  Transportation  (USCG) 

Commander  W.P.  Hewel  (Alternate)  - Department  of  Transportation  (USCG) 
Mr.  Joseph  Bennett  - NSF 

Mr.  Russell  Soulen  (Observer)  - Bureau  of  Land  Management 
Dr.  Ariel  Lugo  (Observer)  - Council  on  Environmental  Quality 
Dr.  Andrew  Assur  (Observer)  - CRREL,  Hanover,  N.H. 

Mr.  Walter  Bailie  (Observer)  - Department  of  the  Air  Force 
Mr.  Ronald  McGregor  - Department  of  the  Navy 

Dr.  Franklin  Burch  (Observer)  - Natl.  Archives  & Rewards  Serv. 

Mr.  Gerald  Pagano  (Observar-Ai  terriate ) - Natl.  Archives  & Rewards  Serv. 
Dr.  William  Raney  - Fed.  Coordinating  Council  for  Sci.,  Engrng.  ft  Tech. 

Federal  Coordinating  Council  for  Science,  Engineering  and  Technology 
Mr.  Philip  Smith  - Washington,  D.C. 

Department  of  Energy  (ERDA) 

Dr.  Jeff  Swinebroad  - Germantown 

Dr.  John  Koranda  - Livermore,  California 

Dr.  Patrick  Coyne  - Livermore,  California 

Dr.  Wayne  Hanson  - Los  Alamos,  New  Mexico 

Dr.  Robert  Watters  - Germantown 

Dr.  Roy  Cameron,  Argonne,  Illinois 

Dr.  Ted  Hinns,  Richland,  Washington 


Dr.  Robert  Cameron,  Ames  Laboratory,  Mountain  View,  California 
Ms.  Dorothy  Hall,  Goddard  Space  Flight  Center,  Greenbelt,  Maryland 
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CRREL  and  ARO  Contractors  and  Grantees 

Dr.  Stephen  MacLean  - University  of  Alaska 

Dr.  Patrick  Webber  - University  of  Colorado 

Dr.  David  Murray  - University  of  Alaska 

Dr.  Albert  Johnson  - San  Diego  State  University 

Dr.  F.  Stuart  Chapin  - University  of  Alaska 

Dr.  Kaye  Everett  - Ohio  State  University 

Dr.  Robert  Reynolds  - Dartmouth  College 

Dr.  Gary  Guymon  - University  of  California,  Irvine 

Ms.  Sue  Kubanis  - San  Diego  State  University 

Dr.  Vera  Komfirkovfi  - University  of  Colorado 

Dr.  Gaius  Shaver  - San  Diego  State  University 

Dr.  Larry  Onesti  - Indiana  University 


U.S.  Committee  on  Permafrost  (National  Academy  of  Sciences) 

Dr.  Troy  P£w£  - Arizona  State  University 
Mr.  Oscar  Ferrians  - USGS,  Menlo  Park 
Dr.  George  Gryc  - USGS,  Menlo  Park 
Dr.  William  Sackinger  - University  of  Alaska 
Dr.  Samuel  Outcalt  - University  of  Michigan 
Dr.  Leslie  Viereck  - Forest  Service,  Fairbanks 
Dr.  Jerry  Brown  - CRREL  (Polar  Research  Board) 

Mr.  John  Kiely  - Bechtel,  San  Francisco 

Dr.  Hans  Jahns  - ESSO  Production,  Houston  (Polar  Research  Board) 

Dr.  Roger  J.E.  Brown  - National  Research  Council,  Canada 

Dr.  Arthur  Lachenbruch  - USGS,  Menlo  Park 

Mr.  Fred  Crory  - CRREL 

Mr.  Lou  deGoes  - Polar  Research  Board 

Dr.  Lincoln  Washburn  - University  of  Washington  (Polar  Research  Board) 
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Dr. 
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Mr. 

Dr. 

Dr. 

Mr. 

Dr. 

Dr. 

Mr. 

Dr. 

Mr. 

Dr. 


Larry  Bliss  - University  of  Alberta 

David  Klein  - University  of  Alaska 

George  West  - University  of  Alaska 

Vera  Alexander  - University  of  Alaska 

Michael  Miller  - University  of  Cincinnati 

John  Hobbie  - Woods  Hole  Marine  Laboratory 

Parker  Calkin  - State  University  of  New  York,  Buffalo 

Fiorenzo  Ugolini  - University  of  Washington 

Jay  McKendrick  - University  of  Alaska,  Palmer 

William  Mitchell  - University  of  Alaska,  Palmer 

Robert  Barsdate  - University  of  Alaska 

Carl  Benson  - University  of  Alaska 

Cecil  Goodwin  - Pennsylvania  State  University 

David  Hickok  - University  of  Alaska 

Robert  Lewellen  - Littleton,  Colorado 

Gunter  Weller  - University  of  Alaska 

Edwin  Rhoads  - University  of  Alaska 

Beatrice  Willard  - Colorado  School  of  Mines 

Philip  Miller  - San  Diego  State  University 

Pete  Myers  - University  of  California 

Leonard  K.  Johnson  - University  of  Alaska 

Richard  Shafer  - BP,  Alaska,  Anchorage 

William  Steere  - N.Y.  Botanical  Garden 
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Others  (cont'd) 

Dr.  Ruth  Schmidt  - Anchorage 

Dr.  Tom  Osterkamp  - University  of  Alaska,  Fairbanks 
Ms.  Ruth  Williams  - Alaskan  Resource  Sciences,  Anchorage 
Mr.  Donald  McKay  - Woodward-Clyde  Consultants,  Anchorage 
Dr.  Bonita  Neiland  - University  of  Alaska 

Dr.  Stephen  Young  - Institute  of  Northern  Studies,  Wolcott,  Vt. 
Dr.  Philip  Johnson  - Oak  Ridge  Associated  Universities 

Canadian  Agencies 

Dr.  Martin  Barnett  - Geological  Survey  of  Canada 

Dr.  Sylvia  Edlund  - Geological  Survey  of  Canada 

Dr.  Fred  Roots  - Department  of  Energy,  Mines  and  Resources 

CRREL  - Internal  Distribution 


